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ANTITHETIC VERSUS HOMOLOGOUS ALTER- 
NATION.! 


DOUGLAS HOUGHTON CAMPBELL. 


THE nature of the alternation of generations in Archegoniates 
is a question of fundamental importance in dealing with the 
morphology of the vascular plants, and necessarily has been the 
subject of much discussion, with a corresponding divergence of 
opinion. Both the antithetic and homologous nature of the 
alternation of generations have been supported by such eminent 
advocates that one hesitates to speak too confidently on either 
side. As'I cannot, however, after long and careful study, agree 
that the argument is equally strong for both sides, and it seems 
to me that proper weight has not always been given to some 
of the evidence, it has seemed worth while to review the direct 
evidence on both sides as completely and as fairly as possible. 

I shall not enter into a detailed account of the controversy, as 
that has already been done quite recently.” I have myself given 
fully my own reasons for supporting the antithetic theory 3 


1 Read before Section G. at the Washington meeting of the A. A. A.S. 
2?Coulter: The Origin of the Leafy Sporophyte. ot. Gaz. July, 1899. 
3Campbell: Aosses and Ferns, pp. §1C-514, 1895. 


| 

| 

1903 &/ THE | 

AMERICAN NATURALIST | 
No. 435. 

| 


154 THE AMERICAN NATURALIST, [VoL. XXXVII. 


and it seems to me that Professor Bower’ has effectually 
refuted the arguments of Dr. Scott, who has been the special 
champion of the homologous theory in England. More recently 
Mr. W. H. Lang has reviewed the subject,? being more or less 
non-committal, but rather leaning to the homologous view ; and 
in this country Professor Coulter 3 has assumed a somewhat sim- 
ilar attitude. 

Owing to their perishable nature, the simpler green Algze and 
Bryophytes have left very meagre fossil remains, so that their 
geological history is very imperfect, and we are perforce driven 
to a study of the living forms, as practically our only means of 
tracing the ancestry of the higher plant forms. Of the vascular 
plants there are abundant fossil remains which throw much light 
upon the relationship of the Pteridophytes and seed-plants, and 
the succession of forms in geologic times, but help but little in 
determining the lower forms from which the former originated. 

It has been urged that inasmuch as ferns, and even seed- 
plants, can be traced back to the Devonian, and possibly even 
further, it is hopeless to expect the secret of the origin of 
the vascular plants can ever be solved. However, as many 
extremely primitive forms have undoubtedly survived to the 
present time, we can learn very much from a comparative study 
of these with the higher plants, which must have come from 
forms very similar to them. Of the forms which are of special 
importance in this connection are the simpler green Algze, and 
the generalized liverworts. 

Zoélogists are in much the same position with regard to the 
origin of the vertebrates, as botanists are concerning the vascular 
plants. The former sub-kingdom is certainly as old and probably 
older than any land-plants—and yet we do not find that the 
zoologists consider the question of the origin of vertebrates 


entirely hopeless. 

I shall not attempt here to discuss the monophyletic or poly- 
phyletic origin of Pteridophytes, but shall mainly concern myself 
with the class which at present is the predominant one, the Ferns. 


1Nature, Nov. 17, Nov. 24, Dec. 1, 1898. 
® Annals of Botany, 12: 585-592, 1898. 
3 loc. cit. 
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According to the antithetic theory of alteration, the ferns have 
originated from forms very similar to the simpler existing liver- 
worts, the leafy sporophyte being an elaboration of the non- 
sexual sporophyte. ~The homologous theory maintains that 
Bryophytes and Pteridophytes have nothing to do with each 
other, the latter arising quite independently from algal ancestors. 
The latter hypothesis was first suggested by the alga-like pro- 
tonema of the mosses, and the somewhat similar prothallia of 
certain ferns, especially Trichomanes. 

Opposed to this assumption is the fact that the filamentous 
prothallia of such ferns as Trichomanes, or Schiz@a pusilla, are 
obviously secondary developments, in the former case, at least, 
associated with excessive moisture. The prothallia of most ferns 
grown in water, or kept excessively wet, and poorly lighted, tend 
to assume a filamentous form. Among both Hymenophyllaceze 
and Schizzeacez, the great majority of forms studied possess 
the normal flattened prothallium of the ordinary ferns. The 
filamentous protonema of the true mosses is also, if we are to 
trust the evidence of comparative morphology, a secondary 
development from the liverwort-like thallose protonema of forms 
like Sphagnum. The true mosses and Hymenophyllacez are 
probably very far from being primitive types. 

From a comparison of the fossil and living ferns it is certain 
that the so-called eusporangiate types are much older than the 
leptosporangiate forms which are now predominant. The Marat- 
tiaceze, of which only a small number of tropical species survive, 
are especially well represented in the Palaeozoic rocks. Now 
on the assumption that the gametophyte of the ferns is descended 
directly from algal ancestors, and is not otf bryophytic origin, 
we should expect the gametophyte of these primitive ferns to 
be more alga-like than that of the more recent and specialized 
Leptosporangiates. The gametophyte of the existing Marat- 
tiaceze which is well known, is a fleshy, relatively large and long- 
lived thallus, closely resembling that of the lower liverworts, 
being much more like these, both as regards the vegetative 
growth of the thallus and the reproductive organs, than are the 
prothallia of the common ferns. 

The gametophyte of the Ophioglossacez, the second order of 
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the Eusporangiatz, is also very massive, and as far as possible 
from any known algal form. Of course in the Ophioglossacez, 
the saprophytic nature of the gametophyte has doubtless to some 
extent modified its structure. 

The archegonia of the Marattiacez are extraordinarily like 
those of the Anthocerotacez, and the antheridia also offer cer- 
tain suggestions of a similar origin to those of the latter order. 
Indeed, were it not for the biciliate spermatozoids of the Antho- 
cerotacez, and their peculiar chromatophores, I should not hesi- 
tate to assume a direct connection between the latter order and 
the eusporangiate ferns. 

The extraordinary uniformity in both structure and develop- 
ment of the archegonium throughout both Bryophytes and 
Pteridophytes, including such a marked character as the ventral 
canal-cell ; the great similarity in the origin and development of 
the spermatozoids, and the details of fertilization, certainly are 
very strong arguments for a common origin for all Archegoniates. 
The theory that these resemblances are merely parallel develop- 
ments can only be accepted on the production of very much 
weightier evidence than has yet been brought forward. 

When to the obvious resemblances existing between the game- 
tophytes of the ferns and liverworts (of course the lower types 
like the anacrogynous Jungermanniales and the Anthocerotaceze 
being understood) there are added the numerous resemblances 
in the development of the sporophyte, the probability of a genetic 
connection between the two phyla of the Archegoniates becomes 
enormously greater. The fallacy of Dr. Scott’s argument, that 
the assumption of the antithetic theory involves the creation of 
a structure de nove, without any apparent ancestry, has been 
perfectly refuted by Professor Bower. There is no claim that 
the sporophyte is an entirely new structure. It starts with the 
zygote, which on germination produces a greater or smaller 
number of spores, thus increasing the number of plants result- 
ing from a single zygote, an obvious advantage. The rudimentary 
sporophyte of Coleochzete, which there is no difficulty in homol- 
ogizing with the zygote-product of GEdogonium, may equally well 
be compared with the sporophyte of Riccia, as has often been 
done, whether we assume that the sporophytes of the two are 
genetically related or not. 


i 
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As yet we have no evidence beyond mere hypothesis as to the 
way in which the motile zoéspores, arising from the zygote of 
the algal ancestors of the Bryophytes, gradually were replaced 
by the tetrads of non-motile spores which characterize all Arche- 
goniates. The same difficulty is met with in tracing the origin 
of the sexual organs. In both respects there is much greater 
difference between the humblest liverwort and the highest alga 
than there is between the former and the most highly organized 
fern. It must be confessed that the gap between all existing 
Algze and Archegoniates is very great. 

When we compare the two series of Archegoniates, the case 
is very different. The structure of the archegonium and spores 
is identical throughout, and the early stages of the sporophyte 
agree very closely, this being especially true of the more primi- 
tive types of Pteridophytes. In these the young sporophyte 
remains very much longer dependent upon the gametophyte and 
the external organs which characterize the Pteridophytes, are 
relatively jate in making their appearance. Both of these facts 
point to a nearer approach to the bryophytic type in the lower 
Pteridophytes, a fact which is not readily explicable on the 
assumption that they are in no way connected with the 
Bryophytes. In a number of the lower Pteridophytes, e. ¢., 
Marattia Lycopodium, Botrychium, the young sporophyte may 
remain attached to the gametophyte for months, or even years, 
long after it has passed beyond the embryonic stage. 

If we compare the gametophyte and sporophyte of any typical 
Archegoniate, we note a very significant difference in their rela- 
tion to the water-supply. The gametophyte is always, to a 
greater or less degree, an aquatic organism, never quite emanci- 
pating itself from the life conditions of its algal ancestors. The 
sporophyte, on the contrary, at least in its earlier stages, is never 
exposed directly to the water, although a few groups of Pteri- 
dophytes have developed, secondarily, aquatic sporophytes. 
Almost from the first the sporophyte is provided with a special 
massive absorbent organ, the foot, which is later superseded 
by the true roots of the Pteridophytes, a much more efficient 
means of obtaining water than is provided by the rhizoids of 
the gametophyte; and the unlimited capacity for growth of 
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the true roots of the vascular plants allows the development 
of a root system to keep pace with the growth of the aerial part 
of the sporophyte. There is thus developed for the first time 
a plant-body strictly terrestrial in its character, and capable of 
independent growth. 

The gradual elaboration of the sporophyte is easily traced in 
the liverworts from the simple capsule of Riccia to the large 
and almost independent sporophyte of Anthoceros, or in another 
direction to the elaborate sporophyte of the true mosses. 

Whether or not we agree entirely with Professor Bower’s 
beautifully worked out theory of the sterilization of potential 
sporogenous tissue, the fact is patent that there has been a 
gradual elaboration of the originally purely sporogenous and 
parasitic structure resulting from the zygote, in the direction of 
an independent plant, with a corresponding subordination of the 
spore-producing function to the vegetative life of the sporophyte. 
This culminates among the Bryophytes in such highly specialized 
types as Polytrichum and other similar mosses. In these there 
is early developed a foot, which supplies the materials needed 
for the growth of the long-lived sporophyte. In the more highly 
organized forms there is present a special strand of water-con- 
ducting tissue, which may be directly compared to the fibro- 
vascular bundles of the higher plants. The outer tissues of the 
long slender seta, also, assume the character of mechanical tis- 
sues which give it the necessary strength to support the large 
and complicated capsule, in which only a very small amount of 
tissue is devoted to spore-formation. 

At an early period the outer tissues of the sporophyte develop 
chlorophyll, and there may be formed a distinct assimilative 
organ, the apophysis, provided with green lacunar tissue com- 
municating with the external atmosphere by means of stomata, 
entirely similar to those upon the green organs of the vascular 
plants. The highly specialized sporophyte of the true mosses 
has not probably given rise to any type of vascular plants, but in 
the equally developed, but much more generalized sporophyte 
of Anthoceros, we have a structure that may well represent the 
characters of the sporophyte from which originated the leafy 
sporophyte of the ferns. 
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Perhaps the strongest argument in favor of a common origin 
for the sporophyte in all Archegoniates is the absolutely uniform 
method of spore production. However ignorant we may be of 
the transition from the motile zoospores resulting from the 


germinating zygote of the green Algz to the immobile tetrad-. 


spores of the Archegoniates, there is no question as to the prac- 
tical identity of the spores, both as to origin and structure 
throughout not only the Archegoniates, but the seed-plants as 
well. This extraordinary uniformity is perfectly comprehensible 
if we accept the antithetic view, since the beginning of the sporo- 
phyte must have been a simple mass of such spore-tetrads ; and 
in Riccia we still have a sporophyte which has scarcely advanced 
beyond this stage. In the more highly developed sporophytes 
of the higher Archegoniates, the spores have retained their primi- 
tive characters, but a continually increasing amount of the sporo- 
phytic tissue has been devoted to purely vegetative purposes. 
That this formation of spore-tetrads should invariably have taken 


place in structures which are secondarily spore-producing, as is - 


demanded by the theory of a non-sexual origin for the sporo- 
phyte in the Pteridophytes, requires something more than mere 
hypothesis to give it much credence. This is all the more the 
case if a polyphyletic origin for the different phyla of Pteridoph- 
ytes is assumed. 

Of all existing Bryophytes there is no question that Anthoce- 
ros offers the nearest approach to the Pteridophytes, although 
this by no means implies that the latter are directly derived from 
the former. Were it not, however, for the form of the chroma- 
tophores and spermatozoids in the Anthocerotaceze I should not 
hesitate to assume this to be the case. 

The sporophyte of Anthoceros is characterized by a long- 
continued basal growth that adds to the tissues of the sporophyte, 
which thus may reach a length of several centimeters. The 
origin of the sporogenous tissue is like that of the Pteridophytes, 
arising from sub-epidermal tissue, differing from all other Bryo- 
phytes except Sphagnum in this respect. Moreover the sporo- 
genous tissue is not continuous, but is more or less regularly 
divided into sporogenous areas by intervening sterile tissue sug- 
gesting an approach to a very simple form of sporangium. The 
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highly developed chlorophyll-tissues, and the central strand of 
conducting tissue, apparently the true homologue of the primary 
vascular bundles of the Pteridophyte embryo, are certainly sug- 
gestions, if not forerunners, of the corresponding pteridophytic 
structures. To my mind there is far less difference between the 
sporophyte of such a simple Pteridophyte as Ophioglossum or 
Phylloglossum and that of Anthoceros, than there is between the 
latter and Riccia. 

When Professor Coulter, for example, says, “In contrasting 
the sporophytes of Bryophytes and Pteridophytes, they seem to 
have nothing in common except that they are usually derived 
from the oospore and represent an asexual generation,” we feel 
that the question has not been fairly stated. As we have tried 
to show, the sporophytes of the higher Bryophytes and Pteri- 
dophytes agree closely in the following important particulars : 
The early divisions of the embryo; the development of a special 
absorbent organ, the foot, thus inaugurating the terrestrial habit 
of the sporophyte ; the gradual subordination of the spore-func- 
tion, and even an approach to the formation of sporangia in 
Anthoceros ; the development of special chlorophyll tissue and 
in some cases of an assimilative organ, the apophysis ; the devel- 
opment of special conducting tissue; and finally the absolute 
identity in the character and formation of the spores, with the 
characteristic reduction in the number of chromosomes. These 
may be all mere parallel developments, and not genuine homolo- 
gies ; but it will require a great deal of direct testimony to make 
this in the least degree probable, especially when to these obvious 
resemblances in the sporophyte are added the equally remarkable 
correspondences in the structure of the gametophyte of the 
liverworts and ferns. 

Again, when Professor Coulter says that the sporophyte of 
the Bryophytes never develops lateral members, and has nothing 
comparable to sporangia, his statement is open to question. 
While the complicated apophysis of a Polytrichum or Splachnum 
may not be strictly an appendicular organ, it may assume a 
flattened, leaf-like form in S. /uteum, comparable to a perfoliate 
leaf, and is as truly a photosynthetic organ at least in its younger 
condition, as is the leaf of a fern. Of course I do not mean to 
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intimate that the apophysis of Splachnum is genetically related 
to the leaves of the Pteridophytes ; but it is no more associated 
with spore-production than they are, and shows the capacity of 
the sporangium of the Bryophyte to produce special vegetative 
organs in no way connected with spore-production. The segre- 
gation of the spore-masses, already spoken of in connection with 
Anthoceros, is at any rate a hint of the origin of the sporangia 
of the Pteridophytes. As to the overwhelming tendency to 
spore-production in Bryophytes, while this is undoubtedly true of 
the simpler types, it may well be questioned whether it can prop- 
erly be asserted of the most highly developed ones. It would 
be an interesting problem, for instance, to compare the relative 
output of spores in Polytrichum and Osmunda cinnamomea. 

While it is inconceivable that such an extremely specialized 
structure as the sporophyte of the higher Mosses could have 
given rise to the leafy sporophyte of the Pteridophytes, it is 
quite conceivable that both types may have originated from a 
common ancestral form, which may very well have been not very 
different from Anthoceros. That the latter is “hopelessly 
specialized” is very far from being the case. On the contrary, 
the sporophyte of Anthoceros is a remarkably generalized 
structure. I mean by this, that it has not a single character 
which is peculiar and cannot be duplicated elsewhere. 

Pringsheim, the first advocate, I think, of the homologous 
theory of alteration, based his conclusions upon the behavior of 
various mosses in which the protonemal filaments may arise 
directly from the sporophyte. Pringsheim believed that the 
protonema was not essentially different from the vegetative 
tissues of the sporophyte, from which they arose in such cases. 
This reasoning is not entirely convincing. The protonema arises 
normally from special sporophytic cells, the spores, and it is 
difficult to see why, under abnormal conditions, it might not 
arise from other sporophytic tissue. The same reasoning will 
apply to apospory in the ferns where the gametophyte may 
arise directly from the leaf-tissue. 

The strongest argument in favor of homologous alternation is 
the occurrence of apogamy, or the origin of the sporophyte as a 
vegetative bud from the gametophyte. So far as I am aware 
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(I make this statement with some reserve) all cases of apogamy 
yet observed have been in cultivated ferns. At any rate, much 
the larger number of observed cases have been under artificial 
conditions, either intentional or otherwise. This suggests at once 
that apogamy is a pathological phenomenon. In most cases it is 
induced by preventing fertilization, which would otherwise take 
place, except in a very small number of instances. Exposure 
to strong sunlight has also been found to be a factor in inducing 
apogamy. It is also noteworthy that most cases of apogamy 
occur in varieties which differ from the normal in being crested, 
or that show other indications of exuberant vegetative growth 
which may certainly imply some connection between this redun- 
dant growth and apogamy in the gametophyte. 

Finally, as Professor Bower has pointed out, all cases of 
apogamy recorded occur in leptosporangiate ferns, admittedly 
the most recent and most specialized members of the class. No 
Bryophytes nor eusporangiate ferns have yet been found which 
exhibit apogamy. If we are to consider apogamy as in any 
sense a reversion to a primitive condition, it is hard to see why 
it should be confined to these highly specialized modern types, 
and be entirely absent from the presumably much older and 
more primitive ones. 

Mr. Lang? has given a very clear account of what he thinks 
may have been the course of development of the sporophyte, 
according to the homologous theory. He assumes that the 
primitive form of the gametophyte was a flattened thallus, pre- 
sumably much like the existing liverworts, although he does not 
make this comparison. He supposes that this thallus under 
stress of circumstances, owing to an insufficient water-supply, 
may have given rise to spores, the spore-stage following the sex- 
ual stage, but being an integral part of the gametophyte, and 
not produced from the egg. It is assumed that in connection 
with this special spore-producing function, the leafy sporophyte 
gradually assumed its definite form, and later, but this point is 
not quite clear, became replaced by the similar structure arising 
from the zygote. Why the spores produced by this asexually 
produced structure should be identical with those developed by 


1loc. cit. 
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the non-homologous, sexually developed sporophyte of the 
Bryophyte, is not explained. 

Mr. Lang’s hypothesis does not claim to be based upon any 
experimental evidence, and it may be of interest to see whether 
there is any actual evidence bearing upon the natural behavior 
of the gametophyte when exposed to conditions similar to those 
assumed by this hypothesis. 

There are many Bryophytes which are regularly subjected to 
complete drying up, and I should like to call attention to their 
behavior. Most leafy liverworts and mosses which grow upon 
the trunks of trees, or upon exposed rocks, simply dry up com- 
pletely, and revive promptly so soon as water is furnished them, 
behaving thus very much as many algae do. In California, and 
probably the same is true of other similar semi-arid regions, 
nearly all of the terrestrial liverworts are perennial, and pass 
through the long, dry summer unharmed. This is well illus- 
trated by several common species of middle California, such as 
Fimbriaria californica, Targionia hypophylla, Fossombronta 
/ongiseta, various species of Riccia, etc. In all of these species 
the apex of the shoot remains alive, being usually more or less 
perfectly protected by overlapping scales or hairs. As soon as 
the first autumn rains fall, the plants at once resume growth, 
and in a surprisingly short time develop their reproductive 
organs. Indeed it is quite possible that the young organs are 
sometimes already formed at the time the thallus ceases its 
growth in the spring. 

In mosses it is not uncommon to find bulbils developed, these 
being merely arrested vegetative shoots, developed from the 
protonema, or rhizoids. 

Among various liverworts, there have been found tubers of a 
somewhat different nature, end it is likely that when the thallose 
forms of semi-arid regions are further studied, these will be 
found to be commoner than has been supposed to be the case. 
In the case of the peculiar genus Geothallus of Southern Cali- 
fornia, the growing point of the thallus, with the tissue adjacent, 
‘ becomes transformed into a tuber, with a large amount of 
reserve food developed in the central tissues. This tuber, 
which is buried-in the earth, remains dormant through the 
summer, but germinates promptly when supplied with water. 
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In none of the species studied is there the slightest tendency 
shown to develop anything resembling the spores borne upon 
the sporophyte. It is true that some leafy liverworts develop 
single-celled gemmz from the leaf-margins, and multicellular 
gemme are formed in various species ; but these are not in any . 
way associated with lack of water, nor are they in the least like 
true spores. 

It is interesting to find that the gametophyte of some ferns 
has also developed the power of resisting drought. In California 
it is not uncommon to find large prothallia of Gymnogramme 
triangularis which have survived the summer, and the sporo- 
phyte of this fern, as well as that of various xerophilous species 
of Selaginella, can absorb water through the leaves, very much 
as is done by the leaves of mosses and liverworts. Goebel’ has 
called attention to the behavior of G. /eptophylla, where the 
gametophyte is perennial, and may develop tubers much like 
those found in the thallose liverworts. In this species the 
sporophyte is annual. 

The point which I wish to emphasize is this: that whereas 
there are many cases where the gametophyte is subjected to the 
conditions which according to Mr. Lang’s hypothesis should 
induce spore-formation, in no cases observed has this been the 
result, but the devices for surviving drought have been of a very 
different nature. 

Dr. Coulter? thinks that the determining factor in the devel- 
opment of the leafy sporophyte has been photosynthesis or 
*chlorophyll-work.”” He sees no reason why such a structure 
as the leafy sporophyte may not have arisen non-sexually in 
response to the need for chlorophyll activity, and quite apart 
from the production of any form of reproductive bodies. 

In support of this view he instances the development of the 
gametophoric branches in Marchantia, and the leafy game- 
tophoric shoots of the true mosses. It is hardly likely that Dr. 
Coulter would derive the latter from the former, although such 
might possibly be inferred from his statement. The accuracy of 
his statement that “the erect structure laid hold of the game- 


1 Outlines, p. 200. 
2 loc. cit. 
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tophore, rather than the sporophyte,” may be questioned. With 
comparatively few exceptions, the sporophyte of the Bryophytes 
is erect, while the shoots bearing the sexual organs, especially 
among the liverworts, are very often prostrate. Moreover there 
is in most of the latter class no development of distinct game- 
tophoric shoots in the sense that such occur in the more special- 
ized Marchantiaceee and mosses. The transition from strictly 
thallose forms like Aneura or Pallavicinia to genuine leafy forms 
like the typical Acrogynz is extremely gradual, the leafy shoots 
of the latter forms being in no sense buds from a thallose game- 
tophyte, but direct transformations of the whole body of the lat- 
ter. We are, therefore, perfectly justified in homologizing the 
leafy moss plant including of course the protonema, with a thal- 
lose liverwort or with the prothallium of a fern. 

Dr. Coulter thinks that the spores would find more favorable 
conditions upon a leafy shoot than upon a thallus, which is 
doubtless true; but why this leafy shoot should not develop 
gradually from the sexually-produced sporophyte of the Bryoph- 
ytes, as there is the strongest evidence that it has done, he does 
not make clear. The development upon the leaves, of spores of 
the same type as those of the lower Archegoniates, is entirely 


comprehensible, if we assume that the leafy sporophyte of the . 


ferns is descended from a leafless bryophytic sporophyte ; but it 
is hard to understand if we assume that the spores of the ferns 
have no genetic connection with the absolutely similar ones of 
the Bryophytes. 

According to Dr. Coulter’s hypothesis, the leafy sporophyte 
originates as a vegetative shoot from the gametophyte in a man- 
ner analogous to the production of the gametophoric shoots in 
the mosses, or the apogamous origin of the sporophyte in some 
ferns. Upon the leaves, which originally were purely organs for 
photosynthesis, were developed secondarily the sporangia. The 


germination of the non-sexual spores and of the zygote are 


assumed to have been entirely similar, giving rise first to a thal- 
lus, from which secondarily the spore-bearing leafy shoot arose. 
If such has been the course of development, it is strange that 
all trace of the thallose portion has been lost in the sexually 
producec sporophyte. One would expect to find some trace of 
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it in the embryo, at least of the lower types, but nothing which 
can be so interpreted is ever found, unless we might consider 
the suspensor of the Lycopods as of this nature, which probably 
no morphologist would be likely to do. 

The statement that it is no more difficult to imagine the 
gametophyte producing spores, than the spore giving rise to the 
gametophyte, can hardly be admitted. The spores of all Arche- 
goniates, if we assume the antithetic theory of alternation, are 
the direct descendants of those produced by the germinating 
zygote in the ancestral forms, which on germination give rise to 
the gametophyte. This is perfectly demonstrable, while any- 
thing like the production of spores, at least of the type produced 
by the sporophyte, is absolutely unknown in any gametophytic 
structure. The supposed cases of the production of sporangia 
upon the gametophyte have been shown to be merely a greatly 
reduced case of apogamy. 

Of course, if we should admit that the sporophyte originated 
apogamously in the first place, it would follow that foliage leaves 
are older than sporophylls, and that Pteridophytes and Bryoph- 
ytes have nothing to do with each other; but the weight of evi- 
dence is very much against such a supposition. 

That chlorophyll-work has been a very potent factor in the 
evolution of the plant-body is of course beyond dispute; but its 
bearing upon the origin of terrestrial plants is not so clear. All 
green plants, whether aquatic or terrestrial, must make provision 
for photosynthesis, and we find the arrangements for the most 
favorable display of green tissue developed in various ways. 
Leaves are by no means confined to land-plants, many Algze, 
especially the larger Phzeophycez, having foliar organs which, 
although simple in structure, are often of great size, and effi- 
cient organs for photosynthesis. There is abundant evidence, 
also, that leaves have been developed more than once among the 
mosses and liverworts. 


It is rather an exaggeration to say that the greater part of the 
chlorophyll-work in any liverworts is relegated to the gameto- 
phoric branches. Surely the amount of chlorophyllous tissue in 
the thallus of all the Marchantiacez is greater than that in the 
gametophores. It may also be questioned, moreover, whether 
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the elevation of the receptacles, which usually does not begin 
until after the fertilization of the archegonium, is not more 
intimately associated with spore-dispersal than with the need of 
chlorophyll-work. In most Marchantiacez the seta is very little 
developed, and the elongated stalk of the receptacles probably 
takes its place. 

If one were looking for gametophytic structures which most 
nearly simulated the organs of the leafy sporophyte it would be 
among the lower thallose Jungermanniales, and not among the 
true mosses, that one should look. The extraordinarily fern-like 
aspect of certain thallose liverworts like certain species of Aneura 
and Hymenophytum!’ recalls at once some of the Hymeno- 
phyllaceze with fan-shaped, dichotomously veined leaves. These 
fern-like liverworts develop a rhizome-like stem, having flattened, 
dichotomously branched green shoots, curiously like a small fern 
leaf. Structurally, however, they are in all respects like the 
prostrate thallus of other species. 

Now it is conceivable that when the sporophyte reached the 
stage when it first developed a leaf, the latter should tend 
to assume a form suggesting the expanded, dichotomously 
branched lamina, so characteristic of nearly all the lower liver- 
worts, which I assume represent the ancestral type, from which 
the ferns have been derived.” 

When Professor Coulter speaks of the subordination of chlo- 
rophyll-work to spore-formation among the Bryophytes, I sup- 
pose he is referring to the sporophyte. The rarity of sexual 
organs, and consequently of the sporophyte with its spores, is a 
familiar phenomenon in many mosses and liverworts. Thus 
whole Sphagnum swamps without a sporophyte, and Lunularia 
multiplying almost exclusively by vegetative buds, illustrate this. 
It cannot, therefore, be that lack of vegetative energy has pre- 
vented the Bryophytes from becoming predominant terrestrial 
forms. It is perfectly clear that purely vegetative shoots may 
be produced; but that these ever gave rise to the leafy sporo- 
phyte is quite another question. 

The suggestion 3 that the archegonium may have been derived 


1Goebel, Organographic der Pflanzen, second patt, p. 251. 
? Campbell, loc. cit., p. 509. 
3 Coulter, loc. cit., p. 58. 


| 
i 


168 THE AMERICAN NATURALIST. [VoL. XXXVII. 


from a group of oégonia, protected by sterile tissue, is a novel 
one, but it is hard to see upon what evidence it is based. Of 
the algal forms, the structure of the odgonium of the Characeze 
resembles most nearly that of the archegonium ; but that this is 
anything more than an analogy is questionable, and at present 
it must be confessed that the origin of the archegonium is 
extremely obscure. 

As to the significance of apospory and apogamy, both of 
these phenomena may, I think, fairly be compared to the vari- 
ous types of adventitious budding. We know that among both 
ferns and seed-plants, adventitious shoots may arise from almost 
any portion of the plant-body. The whole sporophyte may 
develop as an adventitious bud upon the root, leaf, stem, or 
even from the sporangium, shown by the budding of the nucel- 
lus in several cases of polyembryony, or the replacing of the 
sporangium by a shoot in Isoetes. Surely no morphologist 
would claim that because in Camptosorus or Cystopteris the 
sporophyte may arise as a bud upon the leaf; or in Populus or 
Ailanthus may spring as a bud from the root; that these facts 
indicate that such was the original origin of the sporophyte, 
and that the latter is directly homologous with the organ from 
which it arises. 

I think, therefore, that we must fall back upon the question 
of water-supply as the real explanation of the peculiarities of 
the leafy sporophyte. All mosses remain to a certain extent 
aquatic, most of them absorbing water at all points much as an 
alga does, and depending only to a limited degree upon the 
rhizoids as a means of water absorption. Moreover the rhizoids 
are entirely inadequate to supply a plant body of large size, 
which could not, of course, absorb sufficient water for its needs 
from the atmosphere. Nature has, apparently, made numerous 
attempts to adapt the essentially aquatic gametophyte to a 
terrestrial environment, with very imperfect success. 

The sporophyte, at first a purely spore-producing structure, 
has been from the beginning essentially aerial in habit, never 
being directly in contact with water, but getting its water-supply 
indirectly, at first through the cells of the gametophyte, but 
soon developing a special massive absorbent organ, the foot, the 
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forerunner of the root developed later, which puts the sporophyte 
into direct communication with the earth, thus rendering it 
independent of the gametophyte. With the establishment of a 
true root-system, capable of unlimited development to keep pace 
with the growth of the aerial portions of the sporophyte, there 
began a new era in the history of the vegetable kingdom, which 
has culminated in the myriad types of vascular plants which now 
cover the earth. 
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ON THE SHELL OF LITTORINA LITOREA AS 
MATERIAL FOR THE STUDY OF VARIATION. 


R. P, BIGELOW AND ELEANOR P. RATHBUN. 


THE common periwinkle, Lz¢tortua fitorea, seems at first 
especially suitable for a statistical study of the effect of a new 
environment upon type and variability. For the best evidence, 
according to Morse (’80) and Ganong (’86), goes to show that 
this species has been introduced from Europe into Nova Scotia 
and New England within the last fifty years. It was first 
reported from Halifax by John Willis in 1857. Previous to this 
date no mention is found of the species in any list of the shells 
of Nova Scotia, New England, or the Gulf of St. Lawrence. 
Furthermore the shell is not found fossil in these regions, and is 
not found in the prehistoric shell heaps. The species seems 
therefore to have been introduced into America somewhere about 
the middle of the nineteenth century. 

After its introduction it spread gradually southward along the 
coast of New England as far as Long Island Sound. In every 
place where it has appeared north of Cape Cod it has increased 
enormously and in many cases nearly driven out the indigenous 
species of Littorina, until it is now probably the most abundant 
gasteropod on the coast. But south of the Cape it is only fairly 
abundant in certain stations. 

Thus we have in Z. Ztorea a species which has been intro- 
duced into a new environment within a comparatively short time. 
One might expect a priori that this species on migrating into a 
new area would find new conditions and be subjected to new 
factors of natural selection, which would tend to establish a new 
type, or else that the species, having escaped, perhaps, from 
some of the checks that limited its variability in its former 
environment, might show a greater range of variation under 
the new conditions. By a statistical study of Z. /torea one 
might hope to determine whether one or both of these supposi- 
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tions are true, and whether evolution is taking place in this 
introduced species. These results, if trustworthy, would be of 
very considerable value at this time, because the number of 
quantitative determinations of the present rate of evolution that 
have been made heretofore are very few indeed, and students 
of the subject are seeking to accumulate sufficient data to 
remove the theory of evolution from the realm of inference 
to that of observed fact. 

It was for this reason that the authors planned a statistical 
study of Z. Zztorea. We proposed to compare variability and 
type in two generations of shells which had been subjected to 
their environments for different lengths of time. We hoped to 
find material for this purpose in measurements of some charac- 
ter in young shells and of the same character in the upper part 
of fully grown specimens, as Weldon (’or) had done in his study 
of Clausilia. 

Thus by comparing the type and variation of the same charac- 
ter in the present young shells and in the survivors of a former 
generation of young shells we might expect to discover any 
selection that may be taking place with respect to that charac- 
ter and to determine whether the result is progressive evolution 
or is simply periodic, provided of course, that the character 
chosen ts known to remain constant during the life of the indt- 
vidual, The only available character to measure seemed to be 
the angle at the apex of the shell. 

For this investigation a large number of living specimens of 
all sizes were collected at Winthrop, Mass., from spaces between 
the rocks at low tide, during the month of February, 1902. 

Many of the oldest shells were plainly much eroded at the 
apex and unfit for our purpose. But all of the smaller shells and 
many of the large ones appeared to be in good condition. It was 
noticeable, however, that the larger shells were generally less 
acute at the apex than the very small ones. The suspicion that 
this fact aroused was further increased by examination with the 
hand lens, which showed that near the apex of all the shells the 
surface was roughened with fine depressions like minute pin- 
holes. Evidently some process of erosion was at work, and it 
would be useless to proceed with our investigation unless it 
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could be shown that the amount of erosion was so slight as to 
be negligible. It occurred to us that possibly the amount of 
erosion, on the contrary, might be even greater than would be 
indicated by the condition of the surface. If the loss of mate- 
rial from the surface should be balanced by the deposition of 
new shell within the cavity, this might mask the erosion to such 
an extent as to make it impossible to determine from the appear- 
ance of the surface whether any given shell was much or little 
eroded. With such an uncertainty any results obtained by the 
comparison of the apexes of old shells with those of young ones 
would be utterly worthless. 

We proceeded, therefore, to determine the amount of erosion 
in shells of various sizes from the smallest to the largest. The 
method employed was the study of thin sections made through 
the apex of the shell in the plane of the columella. 

The sections were made in the following manner : — The 
soft parts having been removed, the rounded part of the shell 
was first ground from each side on an ordinary grind-stone used 
for the sharpening of instruments. A slice was thus obtained 
through the middle of the shell. One side of this was ground 
with emery on a grinding machine used for making sections of 
minerals’ until a surface passing through the middle of the 
columella was obtained. This surface was made perfectly even 
by polishing with a paste of diatomaceous earth on a ground 
glass plate. The polished side was then cemented to a glass 
plate with Canada balsam, after which the other side was ground 
down and polished in the same way until the section was suffi- 
ciently thin. The section was then cleaned and mounted in 
Canada balsam in the usual manner under a cover glass. 

In this way about a dozen slides were made. Figs. I, 2, 3, 
and 4 are camera lucida arawings of sections of four shells of 
different sizes. Thus we have sections of two young shells, Figs. 
I and 2, a shell which is not quite fully grown, Fig. 3, and one 
of full size, Fig. 4. The openings in Fig. 1 are numbered, 
beginning at the top, and the corresponding openings in the 
other sections are given the same numbers. Of course, the 


1 The authors are much indebted to Dr. C. H. Warren for helpful suggestions 
and assistance in using this machine. 
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holes in any two sections will not correspond exactly, as the 
planes of the sections are not made accurately at the same angu- 
lar distance from the origin of the spiral, but it can easily be 
seen which holes are of about the same size. These openings 
are, of course, the places where the lumen of the shell lies in the 
plane of the section and serve as a convenient index of erosion. 
In each of the older shells we can see the outline of the younger 
stages. The line a—d in each section represents the lower bound- 
ary of the stage corresponding to Fig. 1. 

The shell represented by Fig. 1 is about 3 mm. long and 2.5 
mm. broad, and is the smallest one that we were able to cut. 
On the body-whorl were three or 
four ribs somewhat darker in color 
than the rest of the shell. This 
marking extended into the next 
whorl, but toward the apex of the 
acute spire the shell was smooth. 
In the section the lumen of the 
shell is cut distinctly eight times, 
leaving eight openings in the sec- 
tion, and at the apex there is an 
indication of another half turn of 
the spiral. Each half turn of the 


Fig. 1. Camera drawing of a median spiral, or opening in the section, 
longitudinal section of a young shell. 
xX 16. 


is numbered consecutively, begin- 
ning at the apex. 

Microscopic examination of the section, Fig. 1, shows that the 
main part of the shell is composed of a translucent material of 
a pearly white color with fine darker lines ot growth or fracture 
lying at more or less acute angles to the sides of the lumen. 
This material may be called the primary shell. Under the ribs 
it is stained a dark yellowish brown color for nearly its whole 
thickness, and in the upper part of the shell the whole columella 
is colored. Around each opening of the section the boundary 
of the primary shell is clearly defined by a very fine but per- 
fectly distinct dark line. Within this boundary the lumen of the 
shell is more or less completely lined by a layer of pearly mate- 


rial that we may call secondary shell, This may be white and 
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clear or it may show a yellowish stain or fine lines of growth 
parallel to the surface of the lumen. The secondary shell has 
evidently been deposited after the formation of the primary shell, 
and there is a considerable amount of it, even in this very young 
specimen. In the upper part of the spire the secondary has 
nearly filled the original cavity of the primary shell, so that open- 
ings 2 and 3 are almost obliterated, and No. 1 is quite so. 
Moreover the lumen at openings 2 to 4 is eccentric, the thick- 
est part of the secondary shell being on the outer side. It will 
be noticed, also, that the outlines of the primary lumen at open- 
ings I, 2, and 3 are incomplete, being cut by the outer surface 
of the shell. Evidently erosion has been at work already to such 
an extent as to have removed the whole thickness of the original 
outer wall of the first whorl, and, if no secondary shell had been 
secreted, there would be an opening from the cavity to the exte- 
rior at this place. 

Fig. 2 represents a similar section of a shell about half again as 
large as Fig. 1, that is, 5 by 4.5 mm. The specimen is in good 
condition with well marked dark ribs upon the body-whorl, and 
with an acute apex, but the apical angle is greater than in Fig. 1. 

Assuming that Fig. 2, has passed through a stage correspond- 
ing to Fig. 1, a comparison of the size of the opening indicates 
that the increased size has been attained by the addition of another 
whorl. But the total number of whorls in the two shells remains 
the same. This paradoxical condition may be explained by sup- 
posing the first whorl, openings 1 and 2, to have entirely disap- 
peared as the result of erosion. That this is the true explana- 
tion is rendered highly probable by microscopic examination of 
the section. In the first place, the primary outlines of openings 
numbered 5 to 9 agree in their dimensions very closely with 
the correspondingly numbered openings of Fig. 1; and in the 


second place, the evidences of erosion are abundant. Within 
the primary shell between openings 9 and 11 there is a fine 
wavy black line (4) that was evidently at the surface of the body 
whorl during the stage of Fig. 1. The distance between this 
line and the primary outline of opening 9 is greater than the 
distance between this outline and the present outer surface of 
the whorl. The difference between these two distances gives a 
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measure of the amount of erosion that has taken place since the 
time when the wavy line was covered by the present body whorl. 
Similar wavy lines are seen below openings 8 and 7 and there 
the differences are greater, showing an increased amount of 
erosion toward the apex, and the loss by erosion is still greater 
at openings 6 and 5 where the secondary shell is exposed at the 
surface. 

The same thing is shown more clearly in Fig. 3, a normal, 
nearly full grown shell about 15 mm. long. Between openings 


Fig. 2. Similar section of a somewhat larger shell. x 16. 


11 and 13 there is a wavy line that forms a continuous curve 
with the surface of the shell at 11. Here the erosion has pro- 
ceeded only so far as to smooth off the ribs, while below openings 
10 and g the wavy lines end abruptly almost at right angles to 
the surface, and the exposed secondary shell at these openings 
furnishes further evidence of erosion. At opening 9 the second- 
ary -shell itself is entirely removed on the outer side. But the 
lumen of the shell is prevented from opening to the exterior by 
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the secondary and exhibits lines of growth parallel to its own 
surface and unconformable with those of the secondary shell. 
All of the openings above 13 in this specimen show a layer of 
tertiary shell, which becomes progressively thicker toward the 
apex. The numbers assigned to the openings in this specimen 
are obtained by comparison with Fig. 2, and, if the reasoning 


~ 


Fig. 3. Section of a nearly full-grown shell in good condition. The lumen is cut ten times but 
only seven of the openings are shown in the drawing. X 16. 


applied to that figure will hold for this one, the first five openings, 
that is two whorls and a half, have disappeared entirely. 

Fig. 4 is from one of the largest of the specimens collected, 
about 20 mm. long. But somewhat larger shells are not rare. 
To the naked eye the rounded apex and white color of the apical 
region in this specimen indicated a considerable but not excessive 
amount of erosion. The difference in color is shown by the 
section to be due to the exposure of a large amount of tertiary 
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shell, which is colored only in the inner layers. Comparison of 
this section with Fig. 2 indicates that the two upper whorls of 
this specimen contain openings 8, 9, 10, and 11, as shown in 
‘Fig. 6. The uppermost whorl has almost disappeared and the 
second one has lost the entire outer wall of both primary and 
secondary shell. So that of the shell formed during the stage 
of Fig. 2 there remains in this specimen only the columella of 
the two lower whorls and a portion of the lip region. While of the 
stage of Fig. 1 there remains only the merest fragment of the 
body-whorl (Fig. 5). 


Fig. 4. Camera drawing of the upper part of a section through a shell about 17 by 17 mm. In the 
whole section the lumen is cut only nine times. X 16. 


The actual shortening of the shell and the changes in shape 
due to erosion cannot be measured directly. But we can estimate 
them by comparing sections of younger and older stages, as in 
Figs. 5 and 6. By this method it is estimated that between 
the stages of Figs. 1 and 2 there has been a shortening of about 
0.25 mm. In Fig. 3 this has increased to 0.6 mm. and in Fig. 
4to1.4mm. Or considering Fig. 1 as the initial stage of all 
the larger shells, the length of that portion of the shell has been 
reduced in the three subsequent stages by 8.3%, 20.0%, and 
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46.7% respectively. This amounts to a reduction in the total 
length of the shell at each stage of 5%; 4% and 7% respec- 
tively. 

Assuming that, if there were no erosion, the outline of the 
section at the stage of Fig. 4 would be represented approximately 
by the combined continuous and dotted outlines in Fig. 5, it is 


13 


Fig. 5. Outline of Fig. 1 placed on Fig. 4 so that the corresponding openings coincide. 


evident that there has been a considerable increase in the magni- 
tude of the apical angle. This would be shown still better by 
combining Figs. 1 and 6. The difference between the angles 
of Fig. 1 and Fig. 4 is 18°, or 19% of the apical angle of Fig. 4. 

The loss of height in the shell of Fig. 4 is estimated at about 
7%, while there is no evidence of any corresponding decrease in 
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the breadth of the body-whorl. So the ratio of breadth to length, 
or the ventricosity of the shell, is a ratio of a slightly modified to 
a much modified character. The actual length of the shell in 
Fig. 4 is about 20 mm., its breadth, 17 mm., giving a ratio of 
85%. But without erosion the length is estimated to have been 
21.4 mm. giving a ratio of 79%. Thus the shell is now more 


13 


Fig. 6. Outline of Fig. 2 placed on Fig. 4 so that corresponding openings coincide. 


ventricose by 6 degrees. In Fig. 3 the length is 15 mm., 
breadth, 13 mm., ratio, 87%; but the length without erosion 
would be about 15.6 mm. and the ratio would be about 83 %, 
an increase of ventricosity of 4 degrees. 

Thus within the limits of our studies we find that in all stages 
of the growth of the shell of Z. /ztorea there has been a change 
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in both size and shape resulting from erosion. While the absolute 
amounts of these changes seem small, they are relatively large 
enough to falsify any comparisons that may be made between 
the variabilities and types at different localities or at different 
ages, unless a correction for erosion can be applied. ; 

For our measurements would show, not the normal variability 
of growth, but the combined effect of variability of growth, 
variability in power of resistances to erosive agents, and perhaps 
variability of these agents themselves. To obtain data for the 
correction of our results would involve an investigation of the 
rate of erosion that would be too laborious to be undertaken. 

Our attention was drawn to this species especially by the very 
interesting work of Bumpus (’98), who made a comparison of 
the variability and types in shells from three English localities 
with shells from ten stations on the New England coast. He 
concluded that in all the characters studied the shells from all 
the American localities (that is, those in the comparatively new 
environment) were more variable than those from any of the 
English localities. And he stated also that the American type is 
“more enlongated, * lighter in weight, more bulky, and the color 
markings are less pronounced.” 

His tests of variability were:—(1) Ratio of breadth and 
length, (2) Comparison of the extremes of this ratio, (3) Com- 
parison of curves for different ages, (4) Weight, (5) Bulk, and 
(6) Color. Our results show that the first five of these tests of 
variability are rendered of doubtful value by the erosion. Or at 
any rate, the factor of erosion must be taken into account in the 
discussion of these results, for, as has been shown, the ratio of 
breadth to height is very considerably affected by the loss in 
height, the difference is the ratios amounting to as much as .05 
or .06 ; while the total raxge of variation found by Bumpus was 
.17 in the British and .24 in the American series. And the dif- 
ference between the means of the two series was only .014, much 
less than the probable effect of erosion in an apparently normal 
shell such as is represented in Fig. 3. 


1 This evidently an error, for the average of the English mean ratios of breadth 
to height is 89.6 and the average of the American mean is 91. That is the 
American type is more ventricose. 
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It is in a comparison of ratios in shells of different ages, such 
as Bumpus made, that the effect of erosion would be most seri- 
ously felt. He found an increase of ventricosity in six localities 
and a decrease in seven. Doubtless the former would have been 
very much diminished and the latter augmented in the absence 
of erosion. 

Weight and bulk are also affected by the combination of 
erosion without and deposition within. Color is the only 
remaining test, and that is rather an unsatisfactory measure of 
variability in this species. 

Various explanations have been offered to account for the 
erosion of molluscan shells, which according to Cook (95) is 
much more common among fresh-water forms than in those 
inhabiting the sea. Many years ago Lewis (’59) pointed out 
that the shells in a stream near Mohawk, N. Y., below the point 
where alkaline wastes were discharged into the water were much 
eroded, while above the point of pollution they were quite healthy 
and free from defect. Jeffries (65) quotes the suggestion of 
J. R. Grove that the patches and irregular hollows on the surface 
of ZL. “itorea may be due to electrolytic action arising from lack 
of homogeneity in the shell substance. Schrubsole (’86) found 
that certain English fresh waters containing from one half to 
four grains of lime per gallon had a strong erosive action on 
shells, while no such action was noticed in water containing eight 
and one third grains. 

That filamentous plants penetrate many shells of molluscs and 
brachiopods, as well as numerous corals and other forms, was 
pointed out by KGlliker (’59). Later Bornet and Flahault (’89) 
summarizing the results of previous observers, described and 
figured eight genera of algz and two fungi having the shell- 
boring habit, and they pointed out that these plants play an 
important part in the destruction of shells, especially in quiet 
waters. Recently, Duerden (’02) has drawn attention to the 
action of algze in the disintegration of corals in the West Indies. 
We have not been able to discover however, any evidence of the 
presence of algze or other plants upon the shells of Littorina 
collected during the winter months, and have no explanation to 
offer as to the cause of the erosion that we have observed. 
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This is, nevertheless, so great that we are reluctantly forced 
to the conclusion that ZLzttorina litorea, which on account of its 
comparatively recent migration to our shores, and its great 
abundance and variability seemed an especially favorable object 
for statistical study, is after all not suitable for this ‘purpose. 
In order to use this material we must either assume that the 
causes of erosion have a uniform intensity for all individuals, or 
else we must devise some easy method for determining the actual 
loss of substance in each individual. But even these precautions 
would not enable one to use this material for the solution of the 
special problem that we had in view. 
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THE SENSE OF HEARING IN FISHES.! 


G. H. PARKER. 


TuE sense of hearing is unusual in several respects. Unlike 
the other senses, it is restricted to comparatively few groups of 
animals ; for, though many experiments have been tried, there 
is no conclusive evidence, so far as I know, that a sense of hear- 
ing is possessed by coral animals, jellyfishes, worms, starfishes, 
crabs, oysters, snails, and their allies. It is true that the older 
naturalists described for many of these animals organs that they 
called ear-sacs and that were supposed to act as organs of hear- 
ing, but the experimental work of the last fifteen years has 
shown that these organs are without doubt means of. controlling 
the equilibrium of the animals, and not organs of hearing. The 
only animals in which a sense of hearing may be said without 
reservation to be present are the higher arthropods, particularly 
the insects, and the four higher classes of vertebrates, the 
amphibians, reptiles, birds, and mammals. Excepting the arthro- 
pods and the vertebrates, it seems probable that the other ani- 
mals cannot hear, that while they may be influenced by contact 
with the world about them, by its light, its odors, etc., they are 
uninfluenced by its sounds ; in other words, they live as though 
surrounded by perpetual silence. 

The sense of hearing is not only restricted to a very few 
groups of animals, but the animals possessing it are always the 
more highly organized members of their groups. Thus, among 
the arthropods, a group which includes the crabs, lobsters, myri- 
apods, spiders, and insects, the sense of hearing, if not absolutely 
restricted to the most highly organized class, the insects, is at 
least best developed in them. So, too, in the vertebrates, though 
the frogs, toads, turtles and their like have a sense of hearing, 
the efficiency of this sense is low compared with that which it 
attains in the birds and particularly in the mammals, the highest 


1A lecture delivered before the Department of Zoélogy of the Brooklyn Insti- 
tute of Arts and Sciences, March 5, 1903. 
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vertebrates. It is thus evident that the sense of hearing is 
coupled with high organization. 

When a survey of the whole animal kingdom is made, it is 
found that most sense organs are not restricted as the organs of 
hearing are ; for instance, eyes, often of a complicated structure, 
occur in such lowly organized animals as jellyfishes, starfishes, 
and worms, and these animals react with great precision to light. 
Not only do many of these lower animals possess eyes, but they 
also have organs of touch, taste, etc. ; in fact, the only important 
sense organ lacking in them is that of hearing. Since the sense 
of hearing is found only in the more highly organized animals 
and the other senses occur in the lower as well as in the higher 
animals, it follows that hearing is probably the most recently 
acquired of the senses. 

If in accordance with these facts we endeavor to form some 
idea of the evolution of the sense organs in the animal series, we 
must picture to ourselves an early origin for all the important 
senses except hearing. This sense was undoubtedly the last 
important one to be differentiated and the reason for the lateness 
of its appearance I hope to make clear to you toward the close of 
this lecture. 

It is a remarkable fact that the ear in the higher vertebrates, 
probably their latest important sensory acquisition, is an unusu- 
ally perfect mechanism. Much has often been said about the 
perfection of the human eye and this organ undoubtedly dis- 
plays a marvelously delicate construction, but in my opinion the 
efficiency of the ear as an organ of sense is as much beyond that 
of the eye as a modern chronometer is beyond an old-fashioned 
sundial. Evidence of the truth of this opinion can be seen in 
the many defects that are present in the eye as contrasted with 
the ear. For instance, what we call white light is well known 
to be any one of many possible mixtures of colored lights. 
Thus, when red light is combined with bluish green, the result- 
ant is: white ; orange and sky-blue likewise produce white, as do 
also yellow and violet, green and pink, etc. To all these com- 
binations, which are totally distinct from a physical standpoint, 
the eye answers with but one sign, that for white light. 

Color in light corresponds to pitch in sound, for both depend 
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upon wave lengths. Thus, the keys of a piano when struck in 
sequence give rise toa series of tones that differ one from 
another much as the colors of the spectrum do, namely, in the 
lengths of their waves. Although atrained eye cannot distin- 
guish between white lights made by mixing different pairs of 
colored lights, even the unpracticed ear can distinguish between 
any pairs of tones when sounded on the keyboard, and, while 
the person may not be able to name the keys, the actual dis- 
crimination is easily accomplished. Thus white light is a meas- 
ure of the deception due to our eyes, a deception that the ear 
ordinarily never gives rise to. Could we see the colors in 
ordinary light as we hear the tones in sound, the work of the 
most extreme French colorists would be dull in comparison with 
reality. The eye, therefore, fails to give much information 
about light that is obtained from the ear about sound. 

The occurrence of well-developed organs of hearing only among 
the insects and higher vertebrates suggests, since these animals 
are air-inhabiting forms, that possibly the sense of hearing is 
capable of development only in an organism surrounded by air. 
To test this supposition one naturally turns to the nearest aquatic 
relatives of the groups possessing this sense. With the insects 
these relatives are probably the somewhat distantly related crus- 
taceans, but with the vertebrates they are the fishes, a class 
closely allied to the other members of the vertebrate group. If 
the sense of hearing can originate only in air-inhabiting animals, 
no traces of it should be found among fishes. If it can arise in 
other situations, the fishes are probably the class in which its 
beginnings in the vertebrate series are to be sought for. The 
problem of hearing in fishes, therefore, is a general one dealing 
with the possible origin of one of the most important senses of 
vertebrates, a sense’ probably the most recently developed of all 
and yet in many respects the most efficient. 

Hearing in fishes can best be approached from the standpoint 
of the human ear. The ear in man has long been known to be 
composed of three parts, the external, the middle, and the inter- 
nal ear. The external ear consists of a complicated fold of skin 
known as the concha and a somewhat twisted tube leading 
inward to the ear-drum. The middle ear is a cavity in the head 
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lying immediately internal to the ear-drum and connected with 
the mouth by the Eustachian tube. Through the cavity of the 
middle ear a bridge of small bones, the ear ossicles, passes from 
the ear-drum to the opposite wall of the middle ear where the 
innermost ossicle abuts against the cavity of the interna! ear. 
The internal ear, which is situated somewhat deeper in the head 
than the middle ear, is a complicated fluid-filled sac with three 
semicircular canals and a spirally twisted portion, the cochlea. 
The nerve concerned with the sense of hearing ends in the walls 
of this sac. When the ear is normally stimulated, the sound- 
waves from the surrounding air beat against the ear-drum and 
set it in vibration. These vibrations cause the chain of ossicles 
to vibrate and thus the motion is handed on to the fluid of the 
internal ear. This fluid vibrates in turn and by some process 
not clearly ascertained stimulates the nerves on the walls of the 
ear-sac. As is well known the deafness caused by injuries to the 
external and the middle ear may often be relieved by various 
mechanical contrivances, but injuries to the internal ear are of 
an absolute kind and not open to amelioration, for the internal 
ear, as its nerve connections show, is the true organ of hearing, 
the middle and external ears being only means of conducting 
sound-waves to the true sense organ. 

The form of ear just described is found only in the higher 
vertebrates ; in the lower ones this organ presents a somewhat 
simpler structure. Thus, in the frog, there is no external ear, 
but the ear-drum is exposed directly on the surface of the head 
and the whole auditory apparatus consists of only the middle and 
the internal ear. In fishes a still further reduction takes place 
in that the middle ear as such is not developed. Thus the fishes 
possess only the essential part of the organ of hearing, the 
internal ear, and even this is in an altered form, for their ear- 
sacs, though complicated in outline and usually provided with 
three semicircular canals, lack almost all traces of the spirally 
twisted part, the cochlea. 

That fishes possess a sense of hearing seems to have been 
generally admitted by the older observers. Thus Isaac Walton, 
in his Complete Angler” (1653), when asked if trout can see 
at night replies “Yes, and hear and smell too.’ He then 
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describes some experiments made by Sir Francis Bacon to show 
that sound can pass through water, experiments that led Walton 
to crave the pardon of one whom he had laughed at for affirming 
that carp would come to a certain place in a pond to be.fed, at 
the ringing of a bell or the beating of a drum. He thereupon 
declares that “it shall be a rule for me to make as little noise as 
I can when I am fishing, until Sir Francis Bacon be confuted, 
which I shall give any man leave to do,” and he finally resolves 
“to advise anglers to be patient and forbear swearing, lest they 
be heard, and catch no fish.” 

The internal ears of the higher fishes were also known to the 
older observers. So far as I am aware they were first described 
by Casserius in 1610 and were studied in some detail in the fol- 
lowing century by Geoffroy, Scarpa, Comparetti and the cele- 
brated British physician, Hunter. The attitude taken by many 
of these early workers in the question of the ability of fishes to 
hear is well illustrated by a quotation from a paper on the organ 
of hearing in fishes published by Hunter (1782). This paper 
contains the following statement (1782, p. 383): “As it is evi- 
dent that fish possess the organ of hearing, it becomes unneces- 
sary to make or relate any experiment, made with live fish 
which only tends to prove this fact; but I will mention one 
experiment, to shew that sound affects them much, and is one of 
their guards, as it is in other animals. In the year 1762, when 
I was in Portugal, I observed in a nobleman’s garden, near 
Lisbon, a small fish-pond, full of different kinds of fish. Its 
bottom was level with the ground, and was made by forming a 
bank all round. There was a shrubbery close to it. Whilst 
I was laying on the bank, observing the fish swim about, I 
desired a gentleman, who was with me, to take a loaded gun, and 
go behind the shrubs and fire it. The reason for going behind 
the shrubs was, that there might not be the least reflection of 
light. The instant the report was made, the fish appeared to be 
all of one mind, for they vanished instantaneously into the mud 
at the bottom, raising as it were a cloud of mud. In about five 
minutes after they began to appear, till the whole came forth 


again.” 
This passage shows very clearly that in the opinion of Hunter 
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the internal ears of fishes, like those of the higher vertebrates, 
are organs of hearing. Without further experimental evidence, 
this view was accepted by the celebrated physiologist Miiller 
(1848, p. 1238) in his well-known chapters on the physiology of 
the senses, and by many other eminent authorities such as Owen 
(1866, pp. 342 and 346), Giinther (1880, p. 116), and Romanes 
(1892, p. 250). To these investigators the presence of the 
internal ear, seemed, as it did to Hunter, sufficient ground for 
assuming that fishes could hear. 

Within recent years, however, this opinion has been called 
in question or even denied. Some of the grounds for this 
change of view may be stated as follows. The English zcdlogist 
Bateson (1890, p. 251) in some investigations on the sense organs 
and perception of fishes, observed that the report from the blast- 
ing of rocks caused congers to draw back a few inches, flatfishes 
like the sole, plaice, and turbot to bury themselves, and pouting 
to scatter momentarily in all directions. Other fishes seemed to 
take no notice of the report. When the side of a tank containing 
pollack or soles was struck with a heavy stick, the fishes behaved 
as they did toward the report of the blasting. Pollack did not 
respond, however to the sound made by rubbing a wet finger 
on the glass window of an aquarium or to the noise made by 
striking a piece of glass under water with a stone, provided 
the means of producing the noise was not seen by the fishes. 
Bateson concluded that, while it may be regarded as clear 
that fishes perceive the sound of sudden shocks and concus- 
sions when these are severe, they do not seem to hear the 
sounds of bodies moving in the water but not seen by them. 

Without knowledge of Bateson’s observations, the Viennese 
physiologist Kreidl (1895) carried out a series of experiments 
with the view of testing the powers of hearing in the goldfish. 
This species was chosen because of the ease with which it could 
be kept in the laboratory and further because it is one of those 
fishes that have long been reputed to come at the sound of a 
bell. After an extended series of experiments Kreidl (1895, p. 
458) concluded that normal goldfish never respond to sounds 
produced either in the air or in the water, though they do react 
to the shock of a sudden blow given to the cover of the aqua 
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rium. To test whether such responses were dependent upon the 
auditory nerves, Kreid] removed these nerves and the attached 
ear-sacs from a number of goldfishes and subjected them to stim- 
ulation by sound. In all cases they were found to respond _pre- 
cisely as the animals with ears did. Kreidl, therefore, concluded 
that goldfishes do not hear by the so-called ear, but that they 
react to sound waves by means of an especially developed skin 
sense, or, to put the matter in other words, the goldfish /ce/s 
sound but does not /ear it (Kreidl, 1896, p. 581). This condi- 
tion is not so difficult to imagine as at first thought it seems, for 
we can not only hear sounds under water but we can also feel 
them, as anyone can prove by placing his hand under water near 
a loudly sounding body. 

After Kreidl had reached his conclusion concerning goldfishes, 
he was led to take up a specific case of the response of fishes 
to the sound of a bell and an opportunity of doing this was 
found at the Benedictine monastery in Krems, Austria. Here 
the trout of a particular basin were said to come for food at the 
ringing of a bell. Kreidl (1896, p. 583), however, found that 
they would assemble at sight of a person and without the ringing 
of the bell. If they were not then fed, they soon dispersed and 
no amount of bell-ringing would induce them to return. If, 
however, a pebble or small piece of bread was thrown into the 
water, they immediately swam vigorously toward the spot where 
the disturbance had occurred. Moreover, if a person approached 
the basin without being seen and rang the bell vigorously, the 
fishes did not assemble. From these facts Kreidl (1896, p. 584) 
concluded that the assembling of the fishes was brought about 
through sight and the skin sense and not through hearing, and 
that the conclusion reached with the goldfish might be extended 
to other kinds of fishes. 

While the problem of the auditory function of the ears of 
fishes was thus being investigated, a wholly different view as 
to the functions of these organs had been gradually opened up. 
Through the researches of Loeb (1888), Kreidl (1892), Bethe 
(1894), and Lee (1898) it became clear that whether the ears of 
fishes were auditory organs or not, they were, beyond doubt, 
organs for the control of the equilibrium of these animals, and in 
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this respect they partook of the nature of the otocysts of the 
lower animals. My own few observations are fully in accord 
with this conclusion. When the nerves to the ears of the green 
killifish (Fundulus heteroclitus) are cut and the animal attempts 
rapid locomotion, it loses its bearings completely and swims in 
any position in spirals or even in circles. Thus the ear is in 
some way essential to the continued equilibrium of the fish. 
Although this conclusion has no direct bearing on the question 
of hearing in fishes, it makes it no longer necessary to assume 
that the presence of the internal ear in a given fish implies the 
ability of this fish to hear; hence the argument used by the older 
investigators is shown to be fallacious. 

The conclusion arrived at by Kreidl that the ears of fishes 
like the goldfish, trout, etc. are not organs of hearing was 
supported and extended by the observations of one of our 
American physiologists, Dr. Lee of Columbia University, who 
studied the reactions of several species of fishes to such sounds 
as the human voice, the clapping of hands, and the striking of 
stones together in air and under water. In all his experiments 
Lee (1898, p. 137) obtained no evidence whatever of the exist- 
ence of a sense of hearing as the term is usually employed ; 
though he found that the fishes were exceedingly sensitive to 
gross shocks, such as the jarring of their tank or concussions 
upon its walls. From the observations and experiments of 
Bateson and of Kreidl and from his own work, Lee (1898, p. 
138) believed that the conclusion is justified beyond doubt that 
fishes do not possess the power of hearing, in the sense in 
which the term is ordinarily used and that the sole function of 
the ear in fishes is equilibration. According to this view then, 
fishes resemble many of the lower aquatic animals, in that their 
so-called ears are not organs for hearing, but for controlling the 
equilibrium of their bodies; and, if they respond to sounds at 
all, they do so through the skin. 

This general conclusion seemed to me not wholly in accord 
with certain well-known facts in the natural history of fishes. 
Most important of these is the undoubted ability on the part of 
some fishes to make sounds. Although it is conceivable that 
fishes, like some totally deaf persons, may produce vocal sounds 
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that they themselves cannot hear, this conclusion is not probable 
and anyone that has ever heard a young swellfish (Chilomycterus 
schoepfi) make its characteristic sound when attacked by a 
hungry scup (Stenotomus chrysops) cannot but receive the 
impression that both fishes hear. Moreover it is very difficult 
without assuming hearing to understand the economy of sound 
production where, as in the squeteague or weakfish (Cynoscion 
regalis), this function is limited to one sex, in this instance the 
males. These habits raise the suspicion that notwithstanding 
the experimental evidence thus far brought forward, fishes may 
hear. It was chiefly because of this suspicion that last summer 
at the invitation of the United States Fish Commission I under- 
took to investigate this question. 


The apparatus used (Figs. 1 and 2) consisted of a large 
marine aquarium one end of which was replaced by a deal sound- 
ing board. On this board a bass viol string was stretched so 
that its vibrations could be transmitted through the board to the 


Fig. 1. 


194 THE AMERICAN NATURALIST.  [VoL. XXXVII. 


water in the aquarium. By frequent adjustment the string was 
kept at forty vibrations per second, corresponding to a tone 
almost as low as any used in music. Within the aquarium was 
suspended from distant supports a small glass cage for the reten- 
tion of the fishes to be experimented upon. The end of the 
cage toward the sounding-board was open except for a fine net, 
which, though it restrained the fishes from escaping from the 
cage, made no serious interference with the entrance of sound. 


In testing fishes for the sense of hearing it must be evident 
from what has already been said that several precautions are 
necessary. First of all, the sounds used should be sustained 
and of relatively low intensity rather than of the kind that might 
produce a concussion or a shock. Next, care must be taken to 
determine whether these sounds influence the fish through its 
ears or through its skin; for if the ears are not stimulated, a 
sense of hearing cannot be said to be present. After some pre- 
liminary trials I finally resolved to use for my experiments the 
green killifish (Fundulus heteroclitus), a minnow common in the 
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waters about the United States Fish Commission Station at 
Woods Hole, Massachusetts, where my work was done. This 
fish proved very hardy and in every way satisfactory for the 
work. 

Three classes of killifishes were tested; first, those that were 
entirely normal; secondly, those in which the nerves to the ears 
had been cut; and, thirdly, those whose outer surfaces had been 
rendered insensitive by cutting the nerves tothe skin. The fishes 
were easily etherized and cutting the nerves to the ears proved to 
be a simple though delicate operation. To render the skin insen- 
sitive, it was necessary to cut the fifth and seventh nerves, the 
lateral line nerves and the spinal cord, but from this apparently 
severe operation the fishes almost invariably recovered, fed well, 
and continued normally active for several weeks. 

When a normal fish was placed in the cage and the bass viol 
string set in vibration, any one of four responses might be 
observed : first, the rate of the gill movements increased for a 
brief period; secondly, the pectoral fins, if quiet, were set in 
motion, or, if in motion, their rate was increased ; thirdly, the 
tail fin often vibrated ; and, finally, the whole fish might give a 
spring asif startled by the sound. Of these four reactions, the 
one most satisfactory for observation was the movement of the 
pectoral fins, and I subsequently used this almost exclusively in 
testing the fishes. Ten normal fishes when subjected each to 
ten tests with the sounding apparatus responded with the pec- 
toral fins ninety-six times in the total hundred. This number 
may be taken as a basis of comparison for the fishes upon which 
operations had been performed. 

To ascertain the importance of the ear in these responses, I 
next tested ten fishes in which the nerves to the ears had been 
cut and from ten observations on each fish I found that the 
number of responses to sound in a total of one hundred trials 
was only eighteen, and some of these eighteen were of doubtful 
character. It thus appears that cutting the nerves to the ears 
brings about a large reduction in the number of reactions and 
my results, therefore, are very different from those of Kreidl, 
who, it will be remembered, observed no difference in this 
respect between normal and earless goldfishes. Although at 
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first sight it might seem that these experiments proved conclu- 
sively that the ear of the killifish is, if not the only organ of 
hearing, at least the chief organ for that sense, it is nevertheless 
conceivable that the reduction in the number of reactions shown 
by the earless fishes may be due not to the loss of the ear asa 
sense organ but to the severity of the operation that the fishes 
have undergone. 

To determine how much weight should be given to this objec- 
tion and at the same time to ascertain the part played by the 
skin in these reactions, I tested ten fishes in which the skin had 
been made insensitive but in which the ears were intact. Ina 
total of one hundred trials, ten on each fish, there were ninety- 
four responses to sound and six failures; in other words, these 
fishes, though they had undergone more severe operations than 
the earless ones, reacted almost exactly as normal fishes did. 
These observations placed beyond a doubt the conclusion that 
the ears of the killifish are stimulated by the disturbances set up 
by the vibrating bass viol string, and the only question we have 
to answer before a final conclusion can be safely drawn is, 
whether these disturbances are really sound vibrations. 

If the aquarium is observed closely when the bass viol string 
is made to vibrate, not only will a sound be heard but the whole 
aquarium will be seen to vibrate and ripples will be noticed pass- 
ing over the surface of the water. Is it not possible that the 
fishes respond to the motion of the aquarium as a whole or to 
the disturbance indicated by the ripples rather than to the true 
sound-waves ? To determine this point, I substituted for the 
bass viol string an electric tuning fork that gave a tone of 128 
vibrations per second. The fork was so placed that its base 
could by a slight movement be brought into contract with the 
sounding-board and thus, without jar or disturbance to the aqua- 
rium, the sound could be delivered to the contained water. 

On testing fishes under these conditions, it was found that the 
earless ones never responded to the tones from the tuning fork, 
while those with ears very usually did respond. I, therefore, 
believe that I am entirely justified in drawing the final conclu- 
sion that the ears of the killifish are stimulated by sound-waves, 
that is, that this fish hears. It will be recalled that in the 
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experiments with the bass viol string the earless fishes responded 
eighteen times in the hundred trials. I believe that the tuning 
fork experiments, in which no earless fishes responded, make it 
probable that these eighteen responses were due not to the 
stimulating effect of sound on the skin of the fishes, as might 
be inferred, but to some other cause such as the trembling of 
the whole aquarium. I do not wish to imply, however, that the 
skin of a fish may not be stimulated by sound. 

Although the conclusion that a fish hears is directly contrary 
to that arrived at by Lee, it is not at all necessary to suppose 
that the observations of this investigator and those of Kreidl 
should be regarded as incorrect. Neither Kreidl nor Lee 
worked on the killifish and the ears in this species may be dif- 
ferent from those in the fishes studied by these two investigators. 
In fact, in my own work I tried on the smooth dogfish (Mustelus 
canis) the same experiments as those that I have just described 
for the killifish, but without obtaining the least evidence of hear- 
ing in this species. I am, therefore, quite prepared to believe 
that there are fishes in which the sense of hearing is undeveloped, 
and these may have been the very forms with which Kreidl and 
Lee worked; but that there are fishes that do hear I feel per- 
fectly certain. 

The ear is related to other sense organs in a way unusually 
well seen in fishes, and before closing I wish to call attention 
briefly to this aspect of the subject. The sense organs con- 
cerned are the skin and the lateral-line organs. Everyone is 
familiar with the skin as an organ of touch, but the lateral-line 
organs are less generally known for at least one obvious reason, 
namely, that man possesses none.  Lateral-line organs occur 
only in the true aquatic vertebrates, the fishes and the amphib- 
ians, and in the latter only in those stages in which the animals 
inhabit the water. Thus in the frog, lateral-line organs are pres- 
ent while this amphibian is a tadpole, but, as soon as it takes 
on the adult form and emerges from the water, these organs 
disappear. Lateral-line organs, then, are in some way intimately 
associated with the water habit. 

These organs form regular lines on the skin of an amphibian 


or a fish, though in the latter they are more frequently in grooves 
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in the skin or in tubes that lie immediately under the skin and 
whose courses are indicated by numerous openings, the lateral- 
line pores. In many fishes three such lines of pores can be 
recognized on the side of the head, one above the eye, a second 
immediately below the eye, and a third on the lower jaw. From 
the union of these three near the back of the head, a fourth line 
passes posteriorly along the side of the fish, the lateral line, from 
which the whole system takes its name. 

Modern embryology has shown that the ear is closely related 
to the lateral-line system. The deep situation of the ear-sac at 
first sight seems to preclude this, but the ear-sac does not form 
in this situation. In fishes, as in higher vertebrates, this sac 
forms as a pocket of skin pushed into the head as it were from 
the outer surface and in fishes it can be shown that the skin 
which is thus infolded is a portion of the lateral-line system. 
After the sac has been formed, it sinks into the deeper part of 
the head, generally loses its connection with the outer skin, and 
gradually takes on its final complicated shape by producing semi- 
circular canals, etc. Thus the internal ear may be regarded as 
a modified part of the lateral-line system. This system in turn 
develops from the skin, and when its organs lie in tubes, as they 
do in most fishes, the tubes are formed from groove-like depres- 
sions of the skin. Thus the lateral-line organs are specialized 
sense organs from the skin. 

These facts suggest at once interesting relations between the 
three sets of organs mentioned ; for, as the lateral-line organs 
may be regarded as derived from the undifferentiated sense 
organs of the skin, so the ear may be conceived to have been 
derived from the lateral-line organs. Thus, we are dealing with 
what may be called three generations of sense organs: the skin 
representing the first generation, and giving rise to the lateral- 
line organs, the second, which in turn produce the third, the ears. 

This view of the relations of these three sets of organs accords 
well with what I have been able to make out about their func- 
tions in the killifish. It has already been shown that only such 
fishes as have their ears intact respond to the sound of a tuning 
fork. Consequently we may conclude that such sounds do not 
stimulate either the lateral-line organs or the skin, but that they 
are a stimulus appropriate to the ear. 
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The lateral-line organs can also be shown to possess a stimulus 
peculiar to themselves. These organs were originally supposed 
to be merely slime glands for the production of the slimy cover- 
ing so characteristic of the skins of fishes. In 1850 Leydig 
demonstrated their sensory character, and since then they have 
given rise to much speculation among naturalists. Since they 
occur in fishes that have the usual five senses, Leydig (1868) 
regarded them as organs of a sixth sense quite distinct from any 
that we possess. Schulze (1870) thought they served to detect 
mass movements of the water as when a current passes over the 
surface of a fish or the fish swims through the water. Merkel 
(1880) believed that they were simply organs of touch, and 
Emery (1880) and P. and F. Sarasin (1887-1890) regarded 
them as accessory ears. Fuchs (1895) brought forward evi- 
dence to show that they were pressure organs, and Richard 
(1896) believed they were in some manner connected with the 
production of gas in the swim-bladders of fishes. Bonnier 
(1896) was of opinion that among other things they oriented the 
fish in reference to centres of disturbance in the water, and Lee 
(1898) thought them organs of equilibration. Thus, much dif- 
ference of opinion prevails as to the supposed function of these 
organs. 

In the killifish the stimulus for the lateral-line organs is easily 
found. If an aquarium in whicha normal fish is sporting is made 
to undergo a slight inaudible oscillation by some means not visi- 
ble to the fish, the latter will dart at once to the bottom. This 
happens even when the oscillation is scarcely perceptible to the 
observer. After the nerves to the lateral-line organs have been 
cut, the fish will no longer respond to these slight movements, 
but will continue sporting about even when the aquarium is made 
to tremble considerably. The responses obtained from killifishes 
under these conditions are so invariable that I conclude that their 
lateral-line organs are stimulated, much as Schulze suspected, by 
a slight but inaudible movement of the whole mass of water, a 
movement that is too delicate to stimulate their skins. 

The skin I found to be stimulated by the movements of the 
water in surface waves and in currents. If a fish in which the 


lateral-line organs have been rendered inoperative swims into a 
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region where surface waves affect it, it will swim downward out 
of the reach of these, though it does not go to the bottom of the 
aquarium as a fish with lateral-line organs does. If it is placed 
in a current of water, it will swim as vigorously against the cur- 
rent as a normal fish will. Thus the skin, though not stimulated 
by sound from a tuning fork or the slight inaudible trembling of 
the whole mass of water, is stimulated by currents and by sur- 
face waves. 

Hence the three sets of sense organs under consideration 
may be regarded as having slightly different kinds of stimuli: 
the skin being affected by surface waves and by currents; the 
lateral-line organs by slight inaudible movements of the whole 
mass of water; and the ears by the still more delicate vibrations 
of water particles, sound. These three sets of sense organs, 
therefore, are not only genetically connected in that they repre- 
sent so to speak three generations of organs, but their evolution 
has been toward more and more delicate means of stimulation. 
From this standpoint the lateral-line organs of the fishes and the 
amphibians may be said to be delicate organs of touch and even 
the ear as an organ of hearing may be looked upon as an exqui- 
sitely refined apparatus of much this same kind.' Hearing, then, 
is a most delicate form of touching, and the organ of hearing has 
developed late in the animal series because its processes are not 
original but are derived from those of the more primitive sense, 
touch. Many fishes possess at once the complete series of sense 
organs leading from touch to hearing, and in these animals the 
activities dependent upon such organs form doubtless a more or 
less homogeneous whole; but with us touching and hearing are 
very distinct things, a condition, however, that we can easily 
understand, for we have lost the intermediate sense, that of the 

1 At first sight it might seem that this view ignored completely the equilibration 
function of the ear, a function which may be the only one possessed by this organ 
in some of the lower fishes, but there are no facts so far as I know that prevent 
one from assuming that the stimulus for the lateral line organs may not be much 
the same as that for the ear as an equilibration organ and thus this function 
might indicate a sensory activity somewhat intermediate between that of the 
lateral line organs and of hearing.’ At least unless this is shown not to be the 
case, the equilibration function of the ear offers no real obstacle to the acceptance 


of the opinion expressed above as to the physiological relations of the skin, lateral 
line organs, and ear. 
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lateral-line organs. Thus the consideration of the sense of hear- 
ing in fishes leads us to an understanding of a natural group of 
sense organs whose genetic connections would never have been 
suspected had we not been able to investigate them in these primi- 
tive aquatic vertebrates, the fishes. 

Postscript. Since this lecture was prepared Professor Tull- 
berg’s interesting paper (1903) on the functions of the ears of 
fishes has reached me. In this paper it is concluded (p. 20) 
that the ears of fishes are not organs of equilibration and though 
they may perhaps be to a certain extent organs of hearing, their 
original and principal function is to receive stimuli from the 
movements of the surrounding water, especially from currents. 
Vibrations probably stimulate particularly the maculz acusticze 
of the utriculus, the sacculus, and the lagena; currents affect 
especially the cristze acusticee of the ampulla. Thus the ear is 
held to be an organ directly concerned with the reactions of a 
fish to a current of water (rheotaxis). 

My own experiments have been directed to test the sense of 
hearing in fishes rather than to ascertain what other functions 
the ears in these animals may have, but some of my observations 
bear on the questions raised by Professor Tullberg and I, there- 
fore, call attention to them here. Professor Tullberg believes 
that the ears of fishes are not. concerned with equilibration 
because the disturbances in the equilibrium of fishes that follow 
many operations on the ears and that have been taken to indi- 
cate this function, sooner or later disappear, and must, therefore, 
be regarded as shock effects and not due to the loss of a special 
sense organ. I have observed much the same condition in Fuz- 
dulus heterochtus as that described by Professor Tullberg in 
that two or three days after the eighth nerve has been cut 
the fishes often swim quite normally. If, however, they are 
made to swim very rapidly, they invariably lose all orientation 
and move in irregular circles and spirals. I, therefore, believe 
that the loss of the ear may have a /asting effect on the orien- 
tation of fishes in certain forms of locomotion, for these irreg- 


ular movements were always observable in earless Fundulus 
even up to the time of death, in some instances six weeks after 
the cutting of the eighth nerve. The apparent recovery after 
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the operation I attribute to the increased use of the eye as an 
organ for orientation and though this is an assumption on my 
part, it is one well supported by evidence from the invertebrates, 
and, until it is shown to be false for fishes, it seems to me to 
make Professor Tullberg’s conclusion that the fish ear has noth- 
ing to do with equilibration at least premature. 

My observations on the lateral line organs of Fundulus 
(Parker, 1903, pp. 59-62) are in entire agreement with those of 
Professor Tullberg (1903, pp. 8, 15) on these organs in other 
fishes in that I have found no evidence that these organs are 
essential to the normal swimming of a fish against a current. 
But since in Fundulus I could not persuade myself that the ear 
was not in some degree connected with equilibration, I was 
unable to devise a satisfactory experiment that would test in the 
absence of the ear, other organs of sense, such as the skin, that 
might be stimulated by water-currents. The only evidence I 
was able to obtain was that when fishes whose spinal cords and 
lateral-line nerves had been cut several days before, were held by 
the head near a gentle current of water the tails bent toward 
the current even though the action of the current on a cordless 
fish similarly held was to force the tail in the opposite direction. 
I am, therefore, entirely certain that the skin of the trunk of 
Fundulus heterochtus is stimulated by water-currents, though 
I cannot say that these may not also stimulate the ears. I must 
confess, however, that Professor Tullberg’s evidence (1903, pp. 
II, 14,) on this point, namely, that after cutting both horizontal 
semicircular canals the fish no longer orients to a current, does 
not seem to me wholly conclusive, for this operation may bring 
about the observed condition by a slight interference with the 
equilibration function of the ear. In Fundulus swimming against 


a current of water is dependent in my opinion upon at least two. 


factors: first, the retention of the normal position of the fish 
which is chiefly accomplished, I believe, by means of the ears 
as equilibration organs ,and, secondly, directive locomotion which 
is dependent upon the stimulating effect of the current on the 
skin of the fish. Under these conditions an interference with 
the ear might well give rise to a loss of rheotaxis though the 
primary stimulus for this form of response might be received by 
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the skin. Since the evidence that I have gathered from Fun- 
dulus seems to me to show conclusively that this fish uses the 
ears as organs of equilibration and since the skin in this species 
is stimulated by water-currents, I believe that the rheotaxis of 
this species probably is primarily dependent upon the skin, 
though it may be profoundly influenced by impulses originating 
in the ear either through a disturbance of equilibrium, as I have 
already suggested, or possibly directly, as Professor Tullberg 
believes. 
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NOTES AND LITERATURE. 


GENERAL BIOLOGY. 


Baldwin’s “ Fragments.” ! — The Fragments are twenty-four phil- 
osophical and psychological papers which appeared originally in Zhe 
Psychological Review, The Presbyterian Review, The New York [nde- 
pendent, and other magazines. The author accounts for their 
republication in book form by the fact that they relate to larger topics 
on which he has published, or intends to publish, more extensively 
in separate works. 

For those who have not read these essays as they first appeared it 
may be said that the author’s point of view is idealism, but an ideal- 
ism whose chief aim is to interpret and to harmonize the empirical 
sciences. ‘Philosophy is a new reading of science” (p. vili). This 
idealism, moreover, finds the universe of science to be “a cosmos 
which is not only true but also beautiful, and in some sense good,” 
and “it is true and good because it is beautiful”? (p. ix). In fact 
“the esthetic principle .... represents the point in our conceptions 
where worth and truth coalesce and become one.” ‘Thus truth, it 
would seem, gets worth only when it is beautiful. 

This proposition gives the secret of the whole book. ‘The ascetic 
mind which desires only truth from science or philosophy, that is, 
the person whose sole aim is to eliminate contradiction from his view 
of the world, to make it strictly logically consistent, will get very little 
from the Fragments. Professor Baldwin does not specially aim at 
simplicity or precise definition, and often lets a metaphor bridge a 
gap in the argument; as thus —“....no philosophy is true which 
leaves out of its reckoning any degree on the arc which measures the 
mutual relation between personality and nature ” (p. 9). 

From the same esthetic ease of attitude springs the most serious 
defect of the philosophical essays, — the error of supposing that the 
psychological explanation of an idea solves epistemological problems 
connected with the meaning of that idea. A renowned example of 
this is, of course, Hume’s explanation of causality, as the case in 


1 Baldwin, J. M. Fragments in Philosophy and Science. New York, Scribner’s 
Sons, 1902. 8vo. pp. xii, 389. 
? The italics are Prof. Baldwin’s. 
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which one thing seems to cause another because the idea of the first 
readily calls up in the mind the idea of the second.’ ‘The same error 
is often made in these essays. ‘Thus in discussing The Cosmic and 
the Moral, Professor Baldwin says “The sense of ought, then, from 
my point of view, is the anticipation of more experience, not yet 
treated under the rubrics of description”; (p. 73). “....1 think 
the matter described by ‘is’ is the inadequate content of that which 
we feel ‘ought’ to be; and the description of what ‘ oughted’ to be, 
z. é., that which zas the object of description of a part ‘ought,’ is 
what ‘is.’ In short, the ‘ought’ is a function of a mental content, of 
a descriptive ‘is,,—a motor function, I think.” If such a solution 
really touched the moral problem, it would follow that what one 
expects to do is what one ought to do; and any man’s virtue would be 
his shrewdness at prognostication. That Professor Baldwin really 
means this psychologically which he thus substitutes for ethics, is 
clearly shown by the phrase “ motor function.” 

Similarly the author writes: “.... we rationalize nature” (p. 141), 
and again: “Now what we mean by ‘reality’ is just a group of 
experiences normally organized in a certain way; and we believe in 
realities when we recognize this tendency of our experiences to fall 
into certain characteristic forms of organization. We do the organiz- 
ing, and so assert the reality as being there to be organized” (p. 
341). Such a view is just now often expressed both in this country 
and England, but when analyzed it smacks of Hume’s error, and is in 
fact the same, above-mentioned psycho-epistemological fallacy. That 
(psychological) process by which our ideas become organized is sub- 
stituted as a solution for the epistemological problem of the organiza- 
tion and significance of reality. It is strange that such a view can 
be so widely entertained at precisely the moment when all scientists 


o, well 


are confining themselves in laboratories patiently experimenting, 


aware that they themselves neither know nor do anything except to 
await the oracle. 

Professor Baldwin’s essays in psychology which are reprinted in 
the /vagments are not intended (with the exception of six short 
papers which are purely experimental) for the professional psycholo- 
gist. In method they are like the philosophical essays, and like them 
necessarily sacrifice technical precision to the purposes of popular 
exposition. ‘Thus concerning the logarithmic law of Lechner, one 
reads, —“ This affords a groundwork ....which, in so far as the 


‘Of course Hume made here a second error as well, a circle, since the phrase 


“calls up” means itself nothing else than “causes.” 


|| 

| 

| 

ii 
Hh 
Hil 
Hil 

| 
| 


No. 435.] NOTES AND LITERATURE. 207 


experiments are reliable and the sources of error known, is not to be 
damaged by a hundred objections such as the @ priori impossibility 
of the measurement of psychic magnitudes” (p. 154), and so forth. 
This will please the novice, but its flippancy will certainly mislead 
him. If psychic facts cannot be measured, then they have not been 
measured, and their measure is not given by the psycho-physic form- 
ula. It therefore behooves the serious scientist to enquire either 
what it is whose magnitudes the law does express, or else, what error 
there was in the “a priori” reasoning which declared all measure- 
ment of the psychic to be impossible. The flat contradiction must 
not exist; above all it should not be exhibited for the delight and 
mystification of the readers of Zhe Presbyterian Review. 

Among the experimental papers the best is the well-known one on 
Types of Reaction, reprinted from The Psychological Review. Here 
Professor Baldwin and Mr. W. J. Shaw offer a different interpretation 
of sensory and motor reaction times from that suggested by Lange, 
the originator of those terms. Lange (and Wundt) believed that the 
motor reaction time is shorter because for it the nervous paths are 
subexcited beforehand and so prepared for swift discharge. Where- 
as Professor Baldwin and Mr. Shaw prove that the motor reaction 
time is in many persons not shorter, but longer than the sensory, 
and that this latter is itself very variable, according as one or another 
sense receives the stimulus. Thus the distinction is not between 
motor and sensory but between the various sensory, reaction times 
(visual, acoustic, olfactory, e¢ ce¢.). The shortest reaction time is 
given by that sense, which furnishes the images most used in the per- 
son’s thought, and which therefore gives habitually the cues for motor 
discharges. ‘Thus with a visualizer, visual stimuli will give the most 
rapid reaction time; with an auditeur, auditory stimuli. The so- 
called motor reaction is one given by a moteur, whose movements are 
habitually initiated by motor images: to whatever sense the stimulus 
is given, the impulse has to go to the motor-image-centres, and then 
to the muscles. Thus its course is indirect, but since in a moteur it 
cannot be shortened (that is, all his reactions are really motor), the 
increased speed of discharge due to the subexcitation of the motor- 
image-centres in the reactions which are avowedly motor will give 
these the advantage in time over the reactions which are (errone- 
ously) assumed to be sensory, that is, in which the motor centers are 
not subexcited beforehand. Lange found the motor type of reaction 
to be swifter, because presumably these authors say, he had mostly 
moteuts to experiment on (the commoner type) and because he 
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called ambiguous all results which gave a shorter sensory reaction 
time. Professor Baldwin also very interestingly shows, in another 
essay, that his theory fits in well with the facts of sensory and motor 
aphasias. 

The other experimental papers are of no great importance. The 
Fragments close with five short papers on miscellaneous subjects. 
The volume is admirably printed and bound, but on the whole the 
essays themselves are of such slight permanent value as hardly to 
justify a second publication in this form. 


Theoretical Biology. — Professor Reinke of Kiel has written! an 
introduction to theoretical biology which treats of the fundamental 
biological problems in their metaphysical aspects. The work is thus 
predominantly philosophical in its purpose and form. He discusses 
vitalism and materialism, “ Naturphilosophie,” teleology, and adap- 
tation, its content, origin and inheritance. The concepts of matter, 
energy, force, law, and form in their relation to organization as seen 
in the living world are discussed at length. The author introduces 
the idea of dominants or “unbewusst intellegenten Krafte ” as sup- 
plementary to the energy which operates by chemical processes the 
highly differentiated mechanism of the living organism. Dominants 
are not identical, in the author’s view, with the old vital force, but 
like the mechanism have their basis in the structure of the organism. 
The biological sections of the work all of which are correlated with the 
fundamental problems discussed elsewhere deal with the attributes 
and functions of protoplasm and the cell and with the development 
and differentiation of organisms. Incidentally the problems of sex- 
uality, fertilization and heredity are touched upon. In closing, the 
aiithor calls attention to the similarity of his views and those of 
Johannes Miller. ‘The illustrative matter is drawn largely from 
botanical sources. ‘The scope of the work and the clearness with 
which it is written make the book of general interest and value. 


1 Reinke, J. Linlettung in die theoretische Biologie. Pp. xv, 637. Mit. 83 
Abb. in Text. Berlin, Gebriider Pztel. t901. M. 18. — 
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ZOOLOGY. 


Goette’s Zoology.'— In its general appearance and make up this 
work is of the familiar type. There are few novelties in it,-and it is 
largely morphological and systematic in character. It begins with 
an Introduction which, in the inadequate space of twenty-five pages, 
discusses the basis of classification, analogy and homology, cells and 
protoplasm, the history of zodlogy and the theory of evolution. The 
rest of the volume is devoted to the systematic discussion. In this 
part the usual treatment is adopted and there are few features which 
call for comment. It is a pleasure to note that the author has not 
been ultra conservative. ‘Thus we find a recognition of the close 
relationships of Crustacea and Arachnida, these being united in a 
group Cephalothoracica. ‘The Phyllopoda are regarded as the primi- 
tive Crustacea, and the group of Chordata is admitted, without how- 
ever including the Enteropneusta. Even in details the work seems up 
to date as for instance (p. 343) in the denial of the vertebrate gono- 
tome, and in the recognition of two kinds of ribs. 

The language is simple and easy, and the illustrations, largely 
original or redrawn by the author, are clear and illustrative. One 
feature, however, demands criticism. The author is apparently one 
of those who thinks it a gain to science to rename things already well 
named. ‘Thus we find Monoplastida and Polyplastida for Protozoa 
and Metazoa, Eucephalica for Insecta, Pinnata for Pisces, Digitata 
for Tetrapoda, Ditremata for Placentalia, etc. Surely such increase 
in synonymy can serve no useful end. The Metazoa are divided into 
Radiata, including sponges and ceelenterates, and Bilateralia, and the 
latter group into Hypogastrida, including the Vermes, Mollusca and 
Arthropoda, and the Pleurogastrida, composed of Vermiformia 
(Sagitta, Balanoglossus) Echinodermata, and Chordata. The work 
is devoted almost exclusively to recent forms and extinct groups 
receive but slight notice. K. 


A New System of Zodgeography has been invented by Prof. 
Simroth of Leipzig,’ which, however, is not altogether original with 
him, P. Reibisch3 having first propounded the fundamental idea. 
The latter is as follows, 


1 Lehrbuch der Zoologie von Dr. Alexander Goette. Leipzig 1902. 8vo, pp xii+ 
504. 

?Simroth, H. Ueber das natuerliche System der Erde, Verhandl. deutsch. 
Geselisch. 1902. p. 19-42. 

3 Reibisch, P. Ein Gestaltungsprincip der Erde, 27. Jahresber. Ver. f. Erdkunde 


Dresden. 1901. p. 105-124. 
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There exists ove /argest axis of the earth, ending at two points 
under the equator, and this is due to the fact that the diameter of 
the equatorial belt, which is larger than any other, is increased by 
high mountains situated at these points, which are in Ecuador on the 
one side, and in Sumatra on the other. 

These two points, according to Reibisch and Simroth, were situated 
under the equator throughout all of the earth’s history, while all other 
points of the present equator oscillate toward the north and south, 
that is to say, they shift their position in consequence of a slow oscil- 
lation of the poles in a direction marked by a meridian that goes 
through Bering Sea on the one side, and through Europe and Africa 
on the other. 

Reibisch tries to support his views by a collection of facts show- 
ing repeated subsidence and elevation of certain parts of the earth’s 
surface: this demonstration, however, is entirely insufficient to found 
upon it a theory of this importance, and moreover, the burden of the 
proof does not rest with Geology, but with Physics and Astronomy. 
The latter branches have been entirely neglected by Reibisch as well 
as Simroth, and thus their theory of this peculiar “ oscillation” of the 
Poles lacks proper support, we may even say, has no support at all, 
since the geological evidence introduced by Reibisch is by far too 
scanty and superficial, and even in some cases incorrect. 

Now, this assumption of an oscillation of the Poles in a straight 
line, the North Pole moving alternately toward Europe and toward 
Bering Strait, of which movement the earth-axis from Ecuador to 
Sumatra forms the pivot, is sufficient for Simroth to explain many 
problems of the earth’s history and of the distribution of animals. 

It is hardly worth while to discuss Simroth’s ideas zz extenso, since 
the zodgeographical material introduced by him is far from being 
adequate. Generally, we may say that the facts quoted are indiffer- 
ent with respect to his theory, sometimes the facts are misunderstood, 
and in other cases they are directly incorrect or even absurd. The 
same is true of the facts quoted from Geology or Physical Geography, 
of which branches Simroth seems to possess hardly the most super- 
ficial knowledge,’ and his ideas as to the descent of some animals are 
sometimes ridiculous in the highest degree.” 


11 mention only his view that Africa does not belong properly to the earth, but 
is a former second moon that fell upon it. Another instance is that Simroth 
believes there is a continuous mountain chain from Ecuador to Alaska. 

° The worst case is, that he believes the porpoise of the Amazonas river to be a 
descendant of some Chironectes-like marsupial. 
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To sum it up, Reibisch has propounded a theory that appears very 
improbable from the points of view of Physics and Astronomy. It is 
supported chiefly by imaginary evidence that exists exclusively in the 
fancy of the author, the few instances that might be relied upon being 
so scarce and so ambiguous that they cannot furnish any base for a 
theory of so far-reaching consequences. ‘lhus it is impossible at all 
to seriously discuss this theory. 

Simroth has used this absurd theory for the creation of a zoigeo- 
graphical scheme. His demonstration that the distributional facts 
correspond to his assumptions is a complete failure, due chiefly to a 
lack of adequate knowledge of the respective facts. And further, 
Simroth’s paper is written in so superficial a way for so important a 
subject, that we must express our astonishment at this lack of truly 
scientific spirit: we do not want scientific dreams and fancies, but 
actual, solid and faithful work. A. E. O. 


Gardiner’s Maldives.'— The third part of J. Stanley Gardiner’s 
Fauna and Geography of the Maldive and Laccadive Archipelagoes 
is at hand. It contains six memoirs. 

The first is by F. Jeffrey Bell on the “ Actinogonidiate Echino- 
derms.” He describes five species of Antedon, 5 of Actinometra, 
13 Asteroidea, 12 Ophiruoidea and 15 Echinoidea. ‘The collection 
is of the ordinary coral-reef type and consists very largely of young 
forms. Many of the Ophiruoides have lost the upper surface of the 
disc and Bell suggests that the gonads are set free by the separation 
of the disc. 

The Orthoptera are described by Malcolm Burr. Almost all are 
cosmopolitan or widely distributed oriental species, probably all 
occurring also in India or Ceylon. ‘The 24 species include one of 
the Forficularia, five of the Blattodea, one of the Mantodea, seven of 
the Acridiodea, four of the Locustodea and six of the Gryllodea. 
The commonest grasshopper, Apacromia tamulus Fabr., is found 
abundantly throughout the Oriental region. 

Borradaile gives an account of “The Xanthide and some other 
crabs” and this, like his earlier papers. is an invaluable contribution 
to the bionomics of species which have hitherto been known chiefly 
from alcoholic material. Although he is not able to explain on the 
ground of adaptation every feature of the different species Borradaile 


1 Gardiner, J. Stanley. The Fauna and Geography of the Maldive and Laccadive 
Archipelagoes, Vol. 1, Part iii, Plates XIV-XVII and text illustrations 41-7 >, 
pp- 223-346. 
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is evidently convinced that they can probably be so explained. ‘The 
Xanthids are “Essentially crabs of the reef surface and the coral 
stocks.” <A typical Xanthid, ¢. g. Xantho, “is of a transversely oval 
shape, heavy and compact, with a hard cuticle and short legs which 
can be folded up close under the body.” ‘The massive, compact 
form of the body and the strong cuticle are, no doubt, adaptations to 
a life spent in positions where they are surrounded with hard stony 
objects, and exposed at times to surf and strong currents, and at 
others to enemies which they are unable to escape by swimming like 
the Portunide..... Such genera as Chlorodius and Pseudozius are 
flatter and lighter built, with longer legs, though the cuticle is still 
strong, and they are more often to be found in situations like the 
interstices of coral stocks, where they must maintain their position 
by the use of their limbs, rather than by their weight or by wedg- 
ing themselves fast like the heavier genera.” A bionomically inter- 
esting species is Melia tesse/lata, Latr., which lives among the living 
branches of coral stocks. It holds in each claw a small sea anemone, 
which would have to be dropped whenever the crab took food with 
its chelipeds. ‘‘ The actinians, which are firmly grasped around the 
middle below the tentacles, may be useful, by means of their stinging 
cells, either for defence or to “fish” for food with, or perhaps for 
both purposes.” The crabs of the subfamily Trapeziinz find she!ter 
on branched corals but only on the living branches. They do nut 
injure the latter but derive protection from their stinging cells. ‘The 
end joints of the rather slender legs are curiously modified to secure 
a firm foothold on the branches. ‘The species show color varieties, 
especially yellow, dark brown, banded and spotted. A new genus, 
Czecopilumnus, contains a species whose orbits are so reduced that 
the animal appears to be absolutely blind. Finally there was found 
on the reet Cryptochirus coralliodytes, first described by Heller from 
the Red Sea and mentioned by Semper (Animal Life, pp. 221-223) 
which takes up its abode in the coral by which it becomes enclosed 
although not imprisoned. 

Of the fishes, C. Tate Regan notices 65 species from the lagoons 
of the atolls and six species from ‘fresh water pools. Many of the 
former seem to be wide ranging. ‘The latter “are mostly marine 
fishes which are known to ascend estuaries into fresh water or are 
allied to fishes with this habit.” One species, Barbus vittatus Day, is 


a true fresh water fish. 
The marine Turbellaria are described by Frank F. Laidlaw. This 
work is necessarily chiefly morphological. A new family of the 
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Cotylea — Pericelida —is erected. The most abundant family is 
that of the Pseudoceride. Two species found in the Maldives occu 
also in the tropical Pacific and two species, Leptoplana tremellaris 


and Zhysanozoon brocchii, are widespread, occurring in north tem 


perate as well as tropical seas. 

Finally Gardiner himself has a paper on “ Special observations and 
work relating to the formation and growth of coral reefs,” still incom- 
plete. He brings additional evidence, based on an increase in depth 
and extent in the lagoons since 1836, for believing that they are due 
to solution. The results of dredging at depths from 16 fathoms to 
50 fathoms, show that the reef corals do not flourish luxuriantly 
below 25 fathoms, but there are other genera of corals which “ flour- 
ish just beyond where the surface forms cease to exist.” To test the 
rate of growth of reefs Gardiner studied the size of corals gathered 
from a channel that had been cleaned out three years before. He 
concludes that the reef grows at about the rate of 16 fathoms in 
1000 years. He suggests that “if Falcon Island, erupted to a height 
of about 250 feet in 1885 and now a mere shoal, be cut down to 25 
fathoms by the end of this century its place might well be marked 
by surface reefs, perhaps even by a perfect atoll, considerably before 
the year 3000 A. D.” Finally the action of boring and sand-feeding 
organisms is discussed. The boring forms include alge of the 
genus Achyla, Cliona and a Myxospongid, the mytilid Lithodomus, 
Sipunculoidea, a cirripede Lithrotrya and, especially, the Polychaeta, 
above all the Eunicide. Of the sand feeding organisms the Holo- 
thuroidea, the Echinoids, the enteropneust Ptychodera, Sipunculus 
and Thalassema are important. All these organisms help in the 
dissolution of the coral rock by which the lagoons are made and 
kept open. Cc. 


A Book on the “ Birds of the Rockies”! might be either a care- 
ful scientific hand-book of that region, or an introduction to popular 
bird study, or a pleasant account of ornithological rambles. The 
first Mr. Keyser’s book does not of course claim to be; if it is to be 
judged, as the second or third, we must look for enthusiasm, for a 
certain amount of scientific training, and for literary skill. There 
is a wide field open to writers who have been trained in the school 
of Burroughs and Torrey, who can write introductions or invitations 
to popular bird study in the less well-known regions of this country. 


1 Keyser, L. S. Birds of the Rockies. 8vo, pp. 355. Chicago, A. C. McClurg 
& Co. 
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The visitor to Franconia or to Florida who is interested in birds 
takes Mr. Torrey’s sketches as part of his outfit. 

To serve as ornithological herald to Colorado was not perhaps 
Mr. Keyser’s ambition; an enthusiast such as he needs no other 
incentive to write than the pleasure he feels in communicating his 
experiences. Mr. Keyser certainly has adequate enthusiasm. 
Such expressions as “rapture,” “transports,” occur so frequently 
that we question whether a more subtle expression of his delight 
would not be more likely to impress the reader. Our second desid- 
eratum, scientific training enough to wrest from a new region some 
fresh interesting matter is hardly shown in this book. ‘The titles of 
some of the chapters, “ Bald Peaks and Green Vales,” “ A Rocky 
Mountain Lake,” “ Ho! for Gray’s Peak!” etc., show that it is rather 
a series of rambling sketches of the Colorado bird-landscape, so to 
speak, than a collection of serious studies. 

When we come to the literary quality of the book the less said the 
better. It seems as if a book like this could justify its existence only 
by attaining a fairly high standard of literary excellence. This should 
not be hard in these days when Burroughs, Torrey, Muir and Roberts, 
to name but a few of the leaders, have furnished abundant models. 
Imagine any of these authors describing an indigo bird as an “ani- 
mated chunk of blue,” (page 154), saying that a woodpecker “has 
the habit of soaring out into the air and nabbing insects on the 
wing” (page 162), or writing of pipits that “their semi-musical 
calls drop and dribble from the turquoise depths of the sky” (page 
239). 

Of the plates by Mr. Fuertes, those in black and white exhibit that 
artist’s well-known charm and vigor of drawing, but those in color 
are with one exception very disappointing. Why are the birds in one 
of Mr. Horsfall’s charming little scenes (p. 139) called Brewer’s 
Blackbirds, when three at least are Yellow-headed Blackbirds? 

R. H. 


Protozoa. — It is a full score of years since Kent’s “ AMZanual of the 
Lnfusoria” appeared and Butschli’s monumental monograph of the 
Protozoa was begun. No comprehensive résumé of progress in 
protistology has appeared in the years that have since elapsed. 
This fact renders Calkin’s! treatise peculiarly opportune and assures 
it a welcome from many readers. 


Calkins, G. N. Columbia Biological Series VI. The Protozoa. Pp. xvi, 347. 
153 Figs. New York, Macmillan & Co., Igor. 


Wl 
Wl 
il 
| 
1} 
| 
4 
Will 
q 
ie | 
Hil i 


No. 435.] VOTES AND LITERATURE. 215 


The relegation of the systematic side of the subject to a few brief 
appendices and the extensive treatment of structural, developmental, 
and physiological phenomena reflect the spirit of the past decade in 
zoological science, while the especial attention to cytological prob- 
lems are in keeping with the author’s contributions to the subject. 

The introductory chapter contains a historical review, a discussion 
of the modern classification of the group, of the distinctions between 
plants and animals, and of spontaneous generation. We note the 
omission of the Bathybius incident in the historical discussion, 
though the Eozoon ghost is laid. ‘The general morphology and physi- 
ology of the Protozoa are treated in the second chapter, which con- 
tains an admirable discussion of the structures and functions of the 
protozoan body. The subject of colonial organization is but partly 
developed and that of economic aspects lacks perspective. The 
agency of the Protozoa in causing odors in potable water are for 
example fully treated but no reference is made in this connection to 
the pebrine of the silk worm or to Texas fever. 

The four chapters which follow deal with the structure, develop- 
ment, and relationships of the Sarcodina, Mastigophora, Sporozoa, 
and Infusoria. The revival of interest in the Sporozoa in recent 
years makes the review of the literature of these parasites very 
opportune. 

In the chapter upon the sexual phenomena in Protozoa the author 
concludes that there is no instance of nuclear reduction in the Flagel- 
lidia and that the maturation of forms in other divisions of the Proto- 
zoa shows no genetic relation to analogous processes in Metazoa, 
but are “independent” expressions of the same unknown vital forces 
which cause the formation of polar bodies, or the double division of 
tetrads. The so-called maturation is, moreover, a phenomenon of 
degeneration. No conclusive evidence, it seems, can as yet be found 
in the Protozoa which enables us to trace the phylogeny of nuclear 
structures of the Metazoa, though Calkin’s division-center is a step in 
that direction. The closing chapter on some problems in the physi- 
ology of the Protozoa gives a brief insight into this most promising 
and rapidly developing line of research. 

The work is adorned by a number of excellent new figures and 
concludes with a bibliography of about 600 titles, mainly of morpho- 
logical and physiological papers. The omission of Schewiakoff’s 
Monograph (Russian) of the Aspiroticha and of the recent excel- 
lent papers of Roux is to be deplored, for while in the main system- 
atic or faunistic they are of great value to every student of the 
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Protozoa and also contain data of general interest, the latter for 
example would have provided some connecting links between the 
Mastigophora and Ciliat for the discussion of the inter-relationships 
of these groups. This book should help materially in stimulating 
and fostering the study of this most interesting group by American 
students by whom it has been much neglected during the past decade. 


BOTANY. 


Notes. 
for the Promotion of Agricultural Science include the following botani- 


The Proceedings of the Pittsburgh meeting of the Society 


cal papers: — Bessey, Notes on the poisonous plants of Nebraska; 
Voorhees and Lipmans, Individuality of plants an important factor 
in plant nutrition studies; Arthur, The A*‘cidium as a device to 
restore vigor to the fungus; Lyon, The importance of considering 
previous environment in conducting variety tests; Bolley, Preliminary 
efforts to develop a continuous process of seed disinfection by means 
of formaldehyde vapor; Bolley, Use of the centrifuge in diagnosing 
plant diseases; Beal, Observations by the roadside; Rane, Plant 
depredations and plant culture ; Weems and Hess, Study of the food 
value of some of the edible fungi of Ames [Ia.|; Chester, Bacterio- 
logical analysis of soils; and Lazenby, Some notes on the water con- 
tent of certain plants. 


The Botanical Gazette for December contains the following articles : 
— Frye, A morphological study of certain Asclepiadacex ; Leavitt, 
The root-hairs. cap, and sheath of Azolla; Stevens, Studies in the 
fertilization of Phycomycetes; Berry, Notes on Sassafras; Fairchild, 
A date-leaf boat of Arabia; and Cockerell, A variable larkspur. 


The Bulletin of the Torrey Botanical Club, for December, contains 
the following articles: — Cannon, A cytological basis for the Mende- 
lian laws; Vail, Notes on the genus Rouliniella; Underwood, Review 
of the genus Danza; Rydberg, Studies on the Rocky Mountain Flora, 
IX ; Rusby, Enumeration of the plants collected by Dr. H. H. Rusby 
in South America, 1885-6, XXXII; and Knowlton, Report on a 
small collection of fossil plants from the vicinity of Porcupine Butte, 
Montana. 
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The Ohio Naturalist for December contains the following botani- 
cal articles: — Schaffner, Observations on self-pruning and the for- 
mation of cleavage plains; Schaffner, The flora of Little Chicken 
Island; Burr, Compass plants of Ohio; and Simkins, Record of 
observations on the dandelion. 


The Plant World for November contains the following articles : — 
Longenecker, Mushrooms; Niles, Origin of plant names; King, a 
summer outing in Iowa; Harvey, The dwarf Mistletoe at Mount 
Ktaadn; Pammel, An old sphagnum bog in La Crosse county, Wis- 
consin ; and, in the supplement, pages 247-253 of Mr. Pollard’s The 
families of flowering plants. 


The Plant World for January contains the following articles : — 
Waters, “ Obtusilobata ” forms of some ferns; Messenger, The pres- 
ervation of our native plants; Collins, Dimorphism in the shoots of 
the Ginkgo. 


Rhodora for December contains the following articles : — Fernald, 
Variations of American Cranberries; Andrews, Bryophytes of the 
Mt. Greylock region, II; Deane, Remarkable persistence of the 
button-bush; Floyd, Cristate form of ephrodium marginale ; 
Cheney, Rare plants in Centreville, Mass.; Jewell, Some ferns of 
Franklin County, Me.; Gutterson, Cuphea procumbens at Andover, 
Mass.; Clark, Zrodium meschatum in Connecticut; Mann, An Amer- 
ican occurrence of Centaurea diffusa; Pease, Two new stations for 
Arceuthobium ; and Bissell, Some species of Crepis and Leontodon. 


Torrevya for December contains the following articles: — Lloyd, 
Vacation observations, I1; Earle, Key to the North American spe- 
cies of Cortinarius, II; and White, Petiolate connation in 7Z77folium 
pratense. 


The gth volume of the Proceedings of the Lowa Academy of Sciences 
contains the following articles of botanical interest: — Shimek, 
Forestry in lowa; Pammel and King, Vascular cryptogams of Iowa 
and adjoining parts of southeastern Minnesota and western Wiscon- 
sin; Pammel, Preliminary notes on the flora of western Iowa, 
especially from the physiographical ecological standpoint; Hitch- 
cock, A list of plants collected in Lee County, Florida; and, Hume, 
Ustalaginez of Iowa. 


Like earlier parts, no. 106 of the Proceedings of the Linnean Society 
of New South Wales contains a number of botanical articles. 
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Papers on Chantransia effiorescens—by Lehmann, derithrifying 
bacteria—by Baur, and the structure of Beggiatoa mirabilis —by 
Hinze, are contained in the Kiel Abtheilung of n. F. VI, of the 
“‘Wissenschaftliche Meeresuntersuchungen” of the Kommission zur 
wissenschaftlichen Untersuchungen der deutschen Meere. 


The concluding part (no. 3-6) of Vol. XVI of the Annales des 
Sciences Naturelles, Botaniqgue, issued in December, consists of an 
extended discussion of the Ochnacez, by Van Tieghem. 


A paper on Drosera, by Heinricher, is contained in the Zectschrift 
des Ferdinandeums fiir Tirol und Vorarlberg, far 1902. 


A note on Melocactus seedlings, by Suringar, is contained in the 
Berichte der Deutschen Botanischen Gesellschaft of December 23. 


An account of the “ayotli,” or native gourds, of Mexico, by 
Urbina, is in course of publication in the Anales del Museo Nacional 
de México; beginning with the issue of December. 


A habit-photogram of a fine American Elm is contained in 
Country Life in America for January. 


A largely illustrated paper on the morphology and ecology of the 
Indian Podo-stemacex, by Dr. Willis, director of the garden, consti- 
tutes part 4 of Vol. I of the Axnals of the Roval Botanic Gardens, 
Peradeniya. 


An interesting account of the tuberiferous Coleus coppini, by 
Heckel, is contained in fascicle 2 of the Annales de l’Institut Colonial 
de Marseille, Vol. VIII. 


An illustrated account of Carludovica jamaicensis, by Fawcett and 
Harris, is published in the October number of the Bulletin of the 
Botanical Department, Jamaica. 


Notices of the Elephant’s trunk Banana, A/usa wi/soni, with illus- 
trations, appear in the Gardener's Chronicle for December 20 and 27. 


Brodiea bicolor is described by Suksdorf in Zhe West American 
Scientist for December. 


School Science for January contains an article on The cocoanut — 
its composition and germination, by Kirkwood. 


A phylogenetic study of Ginkgo, Cephalotaxus, and the Taxacez, 
by von Spiess, is appearing in current numbers of the Gsterreichische 
Botanische Zeitschrift. 
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A considerable number of illustrations of Platycerium occur in Zhe 
Gardeners’ Chronicle of January 10. 

The principal articles in the January number of Zhe Bryologist 
are:— E. G. Britton, Sematophyllum recurvans ; Grout, Orthotri- 
chum; and Holzinger, Karl Gustav Limpricht. , 


An important cytological paper on the Basidiomycetes by Maire, 
is published as a supplement to the Bulletin dela Société Mycologique 
de France, of December 31, which also contains a paper by Guéguen 
on teratological specimens in the same group. 


Spegazzini publishes a second series of ‘‘ Mycetes argentinensis ” 
in the opening fascicle of Vol. VIII, ser. 3, of the Anales del Museo 
Nacional de Buenos Aires. 

Mr. Massee notes the introduction of Cintractia patagonica into 
England, in Zhe Gardeners’ Chronicle for January 3. 


A study of yeast cells and their nuclear difference from unicellular 
animal organisms, by Feinberg, is contained in the Bericht der 
Deutschen Botanischen Geselischafr issued on December 23d. 


Traverso publishes a note on the Sclerospora of grasses, in fascicle 
5-7 of Malpighia for 1902. 

Fascicle 2 of the supplement to the /rdex Kewensis, has appeared 
and covers the phanerogamic genera Cymbidium to Iriha. 


As one of the “Twentieth Century Text Books” issued by the 
Appletons, an “Analytical key to some of the common flowering 
plants of the Rocky Mountain Region,” by Professor Aven Nelson, 
was published in June last. 

The laws of plant distribution in the alpine zone are discussed by 
Jaccard in No. 144 of the Bulletin de la Société Vandoise des Sciences 
Naturelles. 


Several papers on antarctic plants are contained in the concluding 
number of Vyt Magazin for Naturvidens Kaberne, for 1902. 


The double Lieferuig 22-3 of Ascherson and Grebner’s “ Synop- 
sis der Mitteleurpiiischen Flora” completes the grasses and enters 
on Cyperacez. 

A sand-hill flora study in Lancashire, by Bailey, is contained in 
the Memoirs and Proceedings of the Manchester Literary and Philo- 
sophical Society, issued December 15. 
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Reiche’s “ Flora de Chile,” published at Santiago, has reached the 
third volume, devoted to Cunoniacex to Composite-in-part. 


“Flora of New Providence and Andros (Bahama Islands)” is the 
title of a paper by Mrs. A. R. Northrop, which forms the opening 
number of Vol. XII of the Memoirs of the Torrey Botanical Club, 
issued December roth. 


In a thesis on “Die Stelar-Theorie,” published at Groningen in 
1902, Schonte reaches the conclusion that but a single stelar type 
“*Monostelie” occurs in the stem and root of vascular plants. 


A study of style and stigma in the Crucifera, by Villani, is con- 
tained in Ma/pighia, Vol. XVI fascicle 5-7. 


Recent numbers of the Bulletin du Muséum @ Histoire Naturelle, 
of Paris, contain a considerable number of morphologico-systematic 
papers by Van Tieghem. 


Plant physiology in the high school is the subject of a paper by 
Professor Barnes in School Science for December. 


The use of bacteria in studying photosynthesis is discussed by 
Beijerinck in Vol. IV of the Proceedings of the Section of Sciences 
of the A. Akademie van Wetenschaffen te Amsterdam, in which Burck 
writes on the irritable stigmas of ‘Torenia and Mimulus, and on 
means to prevent the germination of foreign pollen on the stigma. 


Guignard contributes a paper on the double fertilization of Cruci- 
ferze to the Journal de Botanigue for November, which also contains 
the results of an anatomical study of Menispermacex, by Maheu. 


A paper on neo-Lamarchian views as to organic evolution, by 
von Wettstein, is separately issued from the 1902 Verbandlungen der 
Gesellschaft deutscher Naturferscherund Arste. 

C. A. White contributes a discussion of the mutation theory of De 
Vries to the Smithsonian Report for rgo1. 


Mendel’s law is discussed by Professor Spillman in the /%pu/ar 
Science Monthly for January. 


Mendel’s laws and their probable relations to intra-racial heredity 
are discussed by Yule in recent numbers of Zhe New Phytologist. 


An illustrated article on the Missouri Botanical Garden, by its 
Director, is published in the Popular Science Monthly for January. 
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A Plea for hardy plants, with suggestions for their effective 
arrangement, by J. Wilkinson Elliott, has been reprinted from the 
Transactions of the Massachusetts Horticultural Society for 1895, with 
additional plans and copious and exquisite illustrations by J. Horace 
McFarland and others, and issued from the press of Doubleday, Page 
& Co. 

A delightfully entertaining little book on Children’s Gardens, by 
the Honorable Mrs. Evelyn Cecil, better known under her maiden 
name of Alicia Amherst, has been published by the Macmillans. 

A sketch of the life and labors of Sir William Hooker, with por- 
trait, is begun by his son, Sir Joseph Hooker, in the Annals of 
Botany for December. 


A portrait of Schumann forms the frontispiece to the December 
number of the Monatsschrift fiir Kakteenkunde. 
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